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LITTLE or no precise information can be obtained'on the exact 
crigin of the pyramidal tracts im even the Jater editions of the most 
authoritative text-books on the anatomy of the central nervous system. 
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2 ‘ORIGINAL ARTICLES AND CLINICAL CASES 

В ә ; ; 
According to Edinger [10] “die Tractus cortico-spinales entstammen 
der Rinde der” Zentralwindungen und des Paracentrallappens "; and 
Obersteiner's [23] account of their origin 1s as indefinite. - According to 
Dejerme [8] they come from the upper five-sixths of the Rolandic con- 
volutions, the neighbouring portions of the frontal and parietal gyri, and | 
from the paracentral lobule. Von Monakow [90] writes: ''Soweit 
meine eigenen mikroskopischen Erfahrungen reichen scheint die hintere 
Zentralwindung sich an dem Ursprung der Pyramidenbahn: zu beteil- 
igen, ebenso wie auch Abschnitte des Gyrus praecentralis,” but “der 
Léwenantheil des, Ursprungsgebietes der Pyramidenbahn in die vordere 
' Zentralwindung, sowie in den Lobus paracentralis fallt.” | 

In van Gehuchten's book[11] it is stated that the cells of origin of 
ihe pyramidal tracts occupy in the cerebral cortex “ une zone nettement 
déterminée, appelée’ zone motrice de Charcot. Celle-ci est située autour 
де, la fissure de Rolando et correspond à l'écorce grise de la circonvolutior- 
centrale antérieure, de la circonvolution centrale postérieure, du lobe 
paracentral, et de la partie voisine des circonvolutions frontales." Finally, 

Hoche [15] may be cited: “Das Eindengebiet von dem aus secuncüre 
Degeneration der eigentlichen. Pyramidenbahn erzeugt werden kenn, 
umfasst die oberen zwgj Drittel der Centralwindungen und das Para- 
cenirallappchen; Fasern aus Uem unteren Drittel, von der Insel, und 
‘aus йеп Centralwindungen unmittelbar anstossenden Teilen der Hirns- 
windungen stehen der Pyramidenbahn i in Bezug auf Verlauf und Func- 
‘tion sehr nahe." 

From these extracts, and many others which might be quoted, it is 
evident that not only is the cortical origin of the pyramidal fibres not 
accurately known, but that the descriptions given of it are vague and 
discordant. It may be pointed out that all the above-quoted authors 
include the posterior central gyrus partly or wholly within the area of 
origin of the pyramidal fibres, anc that none of them state from what 
cells of the cerebral cortex these cortico-spinal fibres actually arise. | 

· Other authors have. assumed that the origin of the. pyramidal tracts 
` is co-extensive with the so-called “excitable motor cortex "—the lim:ts 
of which are still a matter of. question—or with an agea of cortex dis- 
tinguished by certain structural peculiarities. *And several, as Bolton [4] 
and Campbell [7], have gong further and assumed that the cortico-spinal 
fibres spring from certain characteristic cells which in distribution are 
limited to part of the “motor cortex"; but evidently the fact that 
certain cells are found овуз a part of the excitable physiological area 
‘ is, ‘in itself, no proof that the chief efferent motor. tracts take origin 
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frem them. Schäfer [25] makes the statement that the giant Betz 
cele of the cortex give origin to the pyramidal tracts, and undergo 
chrcmatolysis after section of these fibres. Unhappily he does not 
describe the distribution of these cells, nor give references to the work 
on which his statement is founded. 

Recognizing, then, how little 13 known of the exact origin of the 
pyramidal tracts, it seemed to us advisable to institute an investigation 
into the matter. Our main objects have been to determine :— 

I.—From what regional area of the cerebral cortex the cortico-spinal 


tracts arise. 

II.—From what cells of this region they take origin. 

IIL—Is the area of origin of the cortico-spinal tracts co-extensive 
ta the so-called “ excitable motor cortex ” 2 

IV.—Does this area comode with any "structural cortical field,” 
such as has been mapped out in man and various mammals, especially by 
-2un»bell and by Brodmann ? 


П. METHODS. 


The method we have adopted has been to examine the cells of the 
reretral cortex at some period after sectien or flestruction of the co1t1co- 
spinel tracts. The period allowed ёо elapse between the division of 
е-е fibres and the sacrifice of the animal varied from five to 157 days ; 
In the human cases investigated death resulted 108 and 229 days 
re>pectively after the accidents which divided the pyramidal tracts in the 
uppa: region of the spinal cord. 

To insure accurate results 16 was evidently essential to use cases in 
which the pyramidal tracts were the only cortico-fugal fibres which 
were affected. In our experimenta) material, therefore, except in опе 
lem? the cortico-spinal tract of one side was divided by hemisection 
cf tke spinal cord in the higher @rvical segments, and for investigation 
cf tke human brain we have employed only cases m which these tracts 
vere interrupted by an acute transverge lesion of the spinal cord. Our 
kunan material has been restricted by the fact that to justify the 
concusions we Wish to draw it was necessary, in the first place, to use 
oaly eases in which there was a lesion completely interrupting all the 
pyreoidal fibres; айа, in the second, only cases in which the lesion 
wa> acute. The latter condition appeared necessary, as even in the 
pari»heral neurones, in which they have been most carefully studied, the 
reacsionary cell-changes on which we have relied in this work occur in 
sLeir most typical form after acute axonal lesions, and they may not 
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appear at all or only in modified form, when the interruption of the 
fibres has resulted from a slowly progressive lesion. In a later communi- 
cation, howéver, we hope to ‘show that the cortical changes which 
follow such spinal lesions, and those which are associated with many 
forms of system-degeneration of the upper motor neurones, entirely 
confirm the conclusions we shall state in the present paper. 

Immediately after the sacrifice of each animal the brain was carefully 
remcved, and the medial and lateral surfaces of both its hemispheres 
were photographed in natural size, or traced carefully and drawings 
made of them. In several cases the anesthetized animal was transfused 
with physiological saline solution and immediately injected with one of 
‘the well-known fixatives before removal of the brain and its division 
into blocks. Thus the nerve-cells were actually fixed during life; the 
importance of this with regard to the subsequent examination of the 
minute structure of these cells can be scarcely sufficiently emphasized. 
In, the remaining cases, after a preliminary hardening of the whole 
, hem:spheres, the Rolandic regions, including the anterior and posterior 
centzal convolutions and the neighbouring portions of the frontal and 
parietal lobes, were cut out and divided into suitable blocks, the position 
of each block being accurately marked on the corresponding photographs 
or drawings. In the carnivora * relatively much larger areas of cortex, ` 
including: the whole of the cruciate region, were treated in the same 
manner. Each of the blocks thus prepared was cut more or less 
completely into serial sections in either paraffin or colloidin, and each 
section was stained by some modification of Nissl’s method. 

In our experimental material the sections of the affected cortex—that 
is, that of the hemisphere of. the opposite side to the spinal lesion—were 
carefully compared with sections from the corresponding parts of the 
opposite hemisphere ; but as in our human ‘cases both pyramidal éacts 
were destroyed, and therefore the cortex of each hemisphere equally 
affected, our sections could be compared only with those from similar 
regions of normal brains. ° | E 


4 * 
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IIL—--MATEBIAL. 


е 
The material on which our investigationg have been carried out 
consisted of representatives of the carnivora—a dog and three cats—two 
Летов, two monkeys of the macaque family, a chimpanzee, and two 
'human brains from cases in which there had been severe traumatic 
lesions of the spinal cord. «Fòr comparison with the latter we have also 
examined the cortex of two cases with almost complete’ destruction of 
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` ihe йй capsule and of ры of ihe basal ganglia by lesions of 
vascular origin. 

The nature and the characters of the histological sues we found, 
zn one or other of the stages, in the. éells of the cerebral cortex of all 
shese animals may be briefly described here. They consisted essentially 
of that process which is generally known as retrograde chromatolysis or 
reaction à distance, but its salient features, as 16 was met with in these 
cells, deserves some notice. . p. | 

The cells in which we found these changes and.their cortical 
distribution will be fully described later; here it is only necessary io 
mention that the characteristic alterations were limited to thé giant-cells 
which distinguish the infra-granular layer of large pyramidal cells of 
а small region of the cortex—in fact, to those which were originally 
described by Betz, and are now frequently known by his name. 

After complete sections of one pyramidal tract in the higher cervical 
segments of the cord the changes in these cells appear relatively early. 
In a cat five days after this operation’ they were distinct though slight; 
in a few of the largest cells from the posterior wall of the cruciate sulcus | 
cf the opposite hemisphere there was slight disintegration of the tigroid 
clumps near the axonal origin and in the, perinuclear zone. In a 
dog twenty-three days after the ореол many of these cells were 
in advanced chromatolysis; their cell- bodies were more rounded than 
normal, the tigroid clumps were more: or less disintegrated into fine 
granules, especially in the perinuclear and axonal regions, though the 
derdrites still contained many well-formed chromatophilic masses; their 
muclel were generally eccentric and often irrégular in shape, and a certain 
proportion of the cells were distinctly swollen, but the swelling of the 
zell-bodies was not a constant or very prominent feature. At this stage 
therg was already some shrinkage or atrophy of some of the affected 
zells, and their dendrites began to disappear and break off., Cells in the 
more advanced stages of degeneration were frequently surrounded by 
several neurophages. Finally, even twenty-three days after the opera- 
zor a considerable number of the affected cells had already disappeared, 
or only indistjnct remnants of them’ were visible. In a cat’ killed 
swenty-nine days after lremisection of the left side of the cord changes 
similar; but somewhat further advanced, could be seen in the right 
cerebral hemisphere ; here swollen cells were less numerous, the majority 
5eing shrunken and ми and the proportional шаррегшее was ` 
Tuch higher. E 9 

m & macaque monkey killed forty-nine days after spinal hemisection 
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the cortical changes were very similar to the above, but in another 


‘animal which was allowed to survive the operation 157 days tke, most 


pron:inent change was a great reduction in the number of gient-cells 
in the opposite hemisphere—in fact, only about one-thirteenth of the 
normal number could be seen; a few chromatolytic and degenerated 
forms were still visible. 

In our human cases the cell- -changes were more or less parallel to 
those we observed in our experimental material, but in relation to these 
а factor must be considered which appears to have an influence on the 
intensity of the chromatolysis and the rate of its course. This is the 
relative distance of the axonal lesion from the cell, or rather the relative 
amount of the axis-cylinder that is cut off from the cell by the lesion. 
It has been repeatedly observed by various experimenters that the 
reaction of the cell is more early and more intense the nearer the 
axis-cylinder is injured to its origin. . In both our human cases the lesion 
lay in the seventh cervical segment of the cord, and consequently 
destzoyed only the terminations of the cortico-spinal fibres which mner- 
vate the spinal centres for the wrist and fingers, but cut off relatively 
large portions of the neurone units which pass from the upper portion 
of the Rolandic region to the lumbo-sacral cord. This may be the 
explanation of the fact that im these brains the cortical cell-reactions 
were appreciably less intense andeappeared later in the regions which 
we know send fibres to the cervical enlargement of the: cord, than in 
those connected with the lumbar and sacral segments. 

Although chromatolysis was the most characteristic change, it seems 
that a certain number of the affected cells merely atrophy and eventually 
disappear, some of the tigroid bodies persisting almost to the end. A 
smaller proportion, variable in different animals, undergo & pykno- 
morphic form of degeneration; these shrink but stain very intensely 
and almost uniformly, and the, nucleus may be distorted, but is rarely, 
especially in the early stages, much dé&placed from its normal position 
near the centre of the cell. . 


Qjwnivora. 

We have made use in this research of the nervous sy8tem of one dog 
and ‘three cats. 

Dog.—The animal was killed twenty-three days ‘after section of the 
left side of the spinal cord in the first cérvical segment. On micro- 
scopical examination it was found that the whole of the lateral column, 
the greater part of the dorsal column, and part of the ventrel column 
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had been completely divided, while there was almost complete destruc- 
tiom of the rest of the left side of the cord by softening* "The left pyra- 
nal tract, as shown by the Marchi method of staining, appeared totally 
degenerated below the level of the lesion. 

The cerebral cortex of the anterior half of each hemisphere was, after 
being divided into suitable blocks, cut into serial sections. 

On the mesial surface of the right hemisphere the cell-changes were 
imsted to a triangular area with its base, which measured 8 mm., on the 
ipiral margin of the hemisphere and its anterior edge along the bottom 
» -he sulcus cruciatus almost as far, in this particular hemisphere, as its 
jurstion with the sulcus splenialis (fig. 1). The changes were entirely 
linsted to the giant-cells of the infra-granular layer. "These were, in the 





FiG. 1. 


Phezographs of the brain of the dog; the cross-hatched areas represent the origin of the 
cortico-spinal fibres. 
E 


= place, much less numerous than in the corresponding area of the 
ipposite hemisphere; to determine the actual loss of these cells they 
were counted in a complete seridÉ*of sections in both hemispheres. In 
the right—that is, in the affected side—all calls that could be recognized 
oy a relatively low magnification wereeincluded, though, as will be shown, 
+ censiderable proportion of these were ‘in some stage of chromatolysis. 
lhs enumeration revealed the fact that, even in the relatively short 
yermod that this animal survived the operation (twenty-three days), these 
selb were reduced to about a fourth or even less of their normal number. 
їп а series of sections taken from near the upper margin of the left hemi- 
sphere, and parallel to it, the average пишфер of giant-cells per section 
was 182, whiJe in the exactly corresponding region of the other side 
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there Were on an awerago uy 89 in: f ihe same ‘dees. 

| Further, of ће very few could pass as normal; almost all were in 
| some stage of. chromatolysis, but a few seemed small or shrunken with 
their nuclei distorted or misshapen. Ву examination with higher magni- 
fication the remnants of a considerable. proportion of the more severely 
affected cells could be seen, generally only as faint shadows containing no 
chromatophilic material, and with only distorted and shrunken nuclei. 
Collections of neurophages were usually present around many of the cells 
inthe more advanced stages of chromatolysis, but no inflammatory or 
"vascular changes could be seen. 

"Repeated examinatión failed to discover stich Кт іп any cells 
save the giant-cells of the infra-granular layer, which correspond to the 
Betz cells of the human cortex; no numerical loss of, or chromatolytic 
changes in, cells of any other variety could be detected. Owing to their 
size alone the affected cells cannot be mistaken, for the supra-granular 
layer contains no cells which are even relatively large, and in size, shape 
and structure ће ceils with which we are here concerned are character- 
| istieally different from the few large pyramidal cells of the layer in which 
they lie. 

"The superficial extent of the changes on the lateral Surface of the 
hemisphere is best understood*from fig. 1. It includes, approximately, 
‘the anterior two-thirds of the gytus sigmoideus posterior; it does not 
extend anterior to the bottom of the suleus cruciatus in the mesial half 
of this fissure, but further lateralwards it Invades its anterior wall 
and appears on the gyrus sigmoideus anterior about 2 mm. from the 
lateral extremity of the sulcus. Beyond this the whole area, remaining 
about the same breadth, slopes somewhat forward and lateralward to 
the suleus coronalis, beyond which no definite changes could be dis- 
covered, The amount of the anterior sigmoid gyrus which is affected 
is thus small. A considerable part of the affected area lies in the walls 
of the suleus cruciatus. The changeS*which characterize this area were 
identical with those whichehave been described in the contiguous part of 
the mesial surface of the hemisphere, and the proportion of the cells 
affected was approximately the same. The changes „Were most pro- 
nounced in the posterior wall of the cruciate sulcus and in the anterior 
lip of the posterior sigmoid gyrus, in the regions in. which the giant-cells 
are normally most numerous. Lateral to the extremity. of the sulcus 
cruciatus the proportion of these cells which 2 are unaffected: apponi to be 
somewhat larger. ' at ; 

The-area we describe does. not extend | 














decir ed, were e present. in oiishi nar bok In this región that is 










| the lower part of the gyrus sigmoideus anterior—the frontal lirait of 
‘he acTected area is not sharp or definite. Its posterior border, om the 

sr hand, is fairly sharply defined; it coincides practically with the: 
bution of the giant-cells, though in the most lateral part of the 
mior sigmoid gyrus, in the neighbourhood of the ansate suleus, a 
number of large cells remain unaltered. 


tat 2—Of the three cats which were operated on the most düitble: 

© fos tie detailed description of the resulting cortical changes was an . 
| ami! which was killed twenty-nine days after section of the left side of 
2 Же ета in the first cervical segment. The extent of the operative 
мер was determined in serial sections ; the whole of the left dorsal and 
OO hiera columns, and the greater part of the ventral column, "were. < 
: tely divided, and the only portion of the latter that escaped the  . 
emu'ery was softened. The right side of the cord, excepting a small 















degemeration of the left pyramidal tract” in the cord below the lesion. 
was ecmplete.- 

Om the mesial surface of the right hemisphere the affected cortex 
occupied a triangular area between the margin of the hemisphere and 


extended about 4 or 5 mm. along the fissure—that is somewhat more 
than half-way to the level of the anterior extremity of the sulcus 
. Spenselis (fig. 2). The cell-changes in this area were of exactly the. 

: À  sameaature as, but somewhat further advanced than, those in the dog. 
. Hire. also, only the large cells which characterize this region o the 

metez were affected. These are, as compared with all the other cells of 

s the «ertex, enormous in the cat; many megsure 30 by 50 и, and even 

















isphere, and thus the normal average number per section for each 
. was determined. * The average number of normal cells, those 
us ag any degree, of chromatolysis being excluded, per section of the 
© eorresconding areas of the right hemisphere was similarly determined, 
anh on = сорани it was found that 0817 from а fifteenth to а bius 





strip of the dorsal column along the ерши, was uninjured. The | E 


> galeus cruciatus, as well as the posterior wall of the latter. 1t . : 


mors All these giant-cells were coufited in serial sections in the left ^ = 
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10 in the left hemisphere, only 0'8 on the right; 10 and ‘55 respee- 
tivély in the middle thirds, and 7 and ‘4 in the posterior thirds. The 
affected cells were in various stages of chromatolysis, and often on'y 
shadows or remnants were visible; the latter were often surrounded ky 
chimps of neurophages, and small collections of these were occasionally 
the only indications of the positions from which chromatolytie cells had 
already disappeared, i ; 

The distribution of the pathological changes on the convexity of the 
hemisphere is best seen in fig. 2. At the apical margin its area lies 
entirely behind the sulcus cruciatus, but further lateralwards it crosses 
the bottom of this suleus and appears on the anterior sigmoid gyrus, 
about 3 mm. from the mesial margin. From here its frontal margm 
advances lateralwards and frontalwards almost to the sulcus orbitalis. 





Ето. 2. 


The brain of a cat ; the shaded portions represent the areas of origin of the cortico-spinal fibres. 


The altered cells extend backwards almost, but not quite, to the sulcus 
ansatus, and lateralwards almost to the sulcus coronalis. This later al 
margin, and especially its frontal part, was difficult to define, as here 
large numbers of normal cells apytmred intermixed with others in 
chromatolysis. No definije changes could be recognized lateral to the 
sulcus, coronalis. . 

The changes which charactêrized the area we have just defined were 
identical in nature and practically in degree,with those discovered en 
the mesial surface. Between the margin of the hemisphere and the 
lateral extremity of the sulcus cruciatus only from 30 to 40 per cent. 
of the normal number of giant-cells were recognizable by a low magni- 
fication, and only about 6 pgr cent. or 7 per cent. of those present were 
unaffected, the remaining being in various stages of chromatolysis. 
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the lateral extremity b the. ‘sulcus MM the. proportion ab s 


(0 Absit reached about 25 per cent. : 
- ^ Repeated careful examinations of our sections has confirmed our 
first ebservations—that it was only the giant-cells of this area which 
weve anaffected ; no numerical loss could be detected in the other layers 
the cortex, and none of their cells were seen in chromatolysis. 

























Prosimia. 


Two lemurs (L. catta) were operated on. In the one the cord was 
hemisected. in the first cervical segment; in the other the left crus was | 
dividel. The latter animal proved especially valuable for the purpose of: 
ou” present research. Immediately after the operation in this case the 


Шаов: total, and return of movement occurred much more slowly than. 
in апу of our other animals; slight and steady improvement, however, 
cortirmed till the animal was sacrificed twenty-five days later. | 
Before death the cortex of each hemisphere was experimentally | 
estsated by electrical stimulation, using both the bipolar and ani- .- 
olar methods: "Though muscular responses were readily obtained by 
xcita-ion of the appropriate area of the *right cerebral cortex (as. pre-. 
iodsl- delimited by one of us (W. Ф. м.) in several other lemurs), - 
о. mexements whatever could be obtained even by unusually strong 
cur-erís from. any part of the hemisphere of the same side as the 


completely: divided. Systematic histological examination of the cortex 
of eack side was carried out exactly as jn our other animals. 
‘Well-marked and characteristic changes were found in the cortex of 
the cexgbral hemisphere on the same side as the divided crus; in fact, 
seaccelw a single normal giant-cell could be found, almost all being in a 
wel -marked or advanced stage of ffronatoly ysis. - Moreover, the number 
of these giant-cells was reduced to about the proportion of, seven to 
ixt»er, as compared with the healthy tide. In spite, however, of this 
wel-marked affegtion of the giant-cells, it was by no means easy to- 
| deli: nif accurately the ares that contained them, for in the lowly differ- 
antitel prosimian brain there is a remarkable absence of definite sulci 
inmediate. relation with the motor area. The most important land- 
matk—which we shall speak of as suleus x'—is often merely a super- 


; Eonslogue’ ‘of the upper part of the Fissure of Bolarto,according to Elliot Smith; the 
eus centralis of Zichen. эӊ m f 




















norms! cells rose considerably, and towards the lip of the sulcus coron- 


lysis of the limbs and trunk ef the side opposite to the lesion was. = 


vader crus. At the autopsy it was found that the left crus had been 2. 





Meee beoe mue 
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_ sparse and so irregularly scattered that it is difficult to draw a line of 


a demarcation that shall include them all without enclosing small portions . Le 


: of unaffected cortex. The area shown in fig. 3 is, however, sufficiently 
definite, and includes practically all the affected cells. “On the mesial.” 
surface it does not extend quite to the callosomarginal fissure, and on 


^ the lateral surface it lies almost entirely in front of sulcus x, which, 


p however, it just ‘includes. Affected cells are more numerous in the 
_ anterior than in the posterior wall of this sulcus, and very few giant- 
-cells in chromatolysis could be found behind its posterior lip. The 
. area definitely crosses the sulcus frontalis, narrowing as it descends, 


Sulcus X 








: Sifrontalis 


i * 
| F Sylv 


* Fre. 3, 


Un hei brain of lemur catta ; the shaded portions represent the areas in which cortical changes 


were found secondary to section of the left erus cerebri. 


апа almost reaches the sylvian fissure, but its lateral. limit is, for the 

reasons given above, not shar ply * definable. - 

; In addition to this affection of the giant- -cells similar changes were, 
found in a certain number of the ordinary large pyramidal- сей of the 

-supra-granular, but more especiall@eof the infra-granular, layers; the 


he numerous towards’ the anino ot the area, “aod sol 


| affection. of these cells yas much wider spread than the area which |. 
contained giant-cells. Тһе significance of the nebhvement of these ^. 


a Јаве рушы cells wil be discussed later. 


The G yrencephalie Moneys. 


Pwo spial of this class were used for this investigation. 


(1) Cercopithecus callithriz—The. animal was killed 157 days after. e 


. section by ihe electro-cantery of the right side of the spinal cord in the — 
i first cervical segment. Tumediately befor was о ааа the ^ ‘motor’? 
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ecr ex of both hemispheres was investigated under anesthesia by means 
= favedic current, and with the usual precautions. Во the unipolar 
and biselar methods were employed. Movemenis of the left limbs were 
sasiy obtained by excitation of the right anterior central gyrus, but to 
eurvenis of the same strength the posterior central gyrus gave no mus- 
euler response. No movements of the limbs could be produced from the 
wesponding regions of the left hemisphere by a current of this strength, 











Еа. 4 


"гъ from photographs of the lateral and mesial-surfaces of the brain of cercopithecus 
: + the shaded portions indicate the areas in which cortical. changes were found а ег 
ofthe right side of the spinal cord in the first cervical segment. ‘Lhe figures represent 
"age number of giant-cells per section Wand at the different levels in this hemisphere ; 
ose in brackets the ayenge number per section at the corresponding levels of the opposite 















Ф 
п movements of the homo-lateral' (left) toes were obtained by 
inp ieation of a considerably та current to the „екы gyrus 





ла side of the cord, 












d es bool) lobes and the contiguous portion f. the medial. surface of both | 


E wards about 13 mm. from the upper end of the suleus centralis; the 


-= here scarcely half as broad as at the margin. On the lateral surface it 
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“The anterigr wd posterior c en: the greater вні of the 





- hemispheres, were. studied in serial sections. stained by. thionin. The. 
© distribution of the changes which were found in the left hemisphere is. 
5 represented i infig.4. On the medial surface it lay between the margin * 
vof the hemisphere and the callosomarginal suleus, extending. frontal- 








area narrowed considerably towards the callosomarginal ‘sulcus, bins Б. 


extended to about the level of the genu of the suleus arcuatus, or to а. 7 
line drawn from its angle to the extremity of the suleus intraparietalis. 
At the apex of the hemisphere its posterior border fell practically along 

the bottom of the sulcus centralis, but lower it receded slightly from it, 


x ascending the anterior wall of the sulcus. The anterior margin extended < 














n throughout: this area a few remnants of degenerated cells were visible, 
-o bat they уеге. rare; they generally appeared as shrunken palely staining 


quently surrounded by neurophages. Occasionally degenerated cefis. were : 
| represented only by a mass of pigm@gt, and often their site was recog- 
- mizable only by a group of nouropfagis, which were generally laden : 
| with nerve-cell pigment (fig. 5). 


: oF infra-granular layers of the cortex of this region, or in the cells of 








from a point on the apex of the hemisphere about 13 mm. in front of the 
sulcus centralis to the knee of the sulcus arcuatus; the sulcus precen- 
tralis superior was included within it. 
T "The most striking change in this area was the enormous reduction 
in number of the giant-cells of the infra-granular layer. To determine 
accurately the degree of this éhange the giant-cells of the right hemi- 
sphere were counted in several sqries of sections, and those persistirg in 
the left were enumerated in the same manner. By comparison of the 
numbers so obtained from corresponding regions of the two hemispheres 
| dt was evident. that only from a fifteenth to a twelfth of the normal 
© number persisted i in the affected area оп the left side. Here and there 








“structures with distorted and often protruding nuclei, and were fre- 


Despite this remarkable affection of the. клы! es we edid detect — p 
. absolutely no change in the ordinary large pyramidal cells of the supra- 


^ any other layer. "There did not appear to be, even em. careful comparison E 
. with the normal, the slightest reduction ir the number of. these cells, . 
| and mo remnants or degenerated forms rere visible other. than those 
described above. = oe 5 
: The. changes эрен to be b xe 















мр age siup pgp алата 








ME sproo-3t 12 044 jo HURUWO топ juo £ paoa peuids agg Jo opis зды өп Jo пон: 
Vuja сләңпцош ә 1 Jo (tpeprurezádogueSUs vois) хәўдоо pennod peuniou aqi fo yde 
$ OIA 
F * ‘a 


e 
+, 


а 













Cong ARTICLE AND 


ined; ишу no part dt the cortex pos 
was in any way affected. = 
(2). Macacus rhesus —The animal was killed. Torrine dave acter 


r to the sulcus centralis 25 


section of the left side of the spinal cord i in the first cervical segment. — .- 


When examined in the miéfoscopical sections it was found that the 
lesion had almost completely severed the left side of the cord, while cf 
Ње right side it injured only a small portion . of the dorsal columns. 
‘The degeneration of the left pyramidal tract was complete below the 
lesion. The examination of the cortex was undertaken in the usus 
way, the region of each hemisphere systematically examined including 
the anterior and posterior central gyri and the greater part of each 
frontal lobe. 

‘The area in which the characteristic changes were found corresponded 
Wo cisely to—in fact was almost identical with—that mapped out in the 
^ previously described animal (fig. 6), though its superficial extent on the 
| surface of the hemisphere was scarcely so broad; at the apical margin» 


m ‘it reached 11 mm. in front of the upper extremity of the sulcus centralis. 


© It extended downwards along the sulcus centralis almost to the gena . 
of the sulcus areuatus, not quite to a line connecting this with the 
extremity. of the suleus intraparietalis. The details of the changes 
-which mark out this area differed considerably from those described ii 
- the callithrix monkey, owing to the much shorter period the animal was 
allowed to survive the operation; they consequently resembled move 
closely those we have described in the dog and cats which were killed 
га much shorter time after the operation. 
There was, in the first place, a considerable reduction i in the number 
X the giant-cells of the infrazgranular layer; on an average опу 
: beds a third and a half of the normal number persisted, even 





including in our enumeration several which were in advanced, stages 


o? ehromatolysis. | The. actual number of. intact cells was smat, 
A approximately the same as in the callfMhrix monkey—that i is, only about, 
ov less than, a twelfth of the normal. The affected cells were, as a гше, 

г Ла advanced chromatolysis, with complete. dissolution. of the tigroid 
clumps and excentration of the nucleus, but very. few were swollen; m- 
_ fact, many were shrunken and atrophic. In many places the degenerated |. 
-remains of cells could be seen surrounded by neurophages. : x 
As in the. specimens previously described, it was only the giant-cells з 
е the infra-granular layer of the cortex which were affected; in зое 
case as this in which chromatolysis was: the predominant- change at — | 
—would have been scarcely possible to fail to ‹ : 









et the specific change п 
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. 
wy of the other cells if they had been similarly altered. In this 
spec men, too, there could be no doubt that the characteristic changes 
lid act extend to the cortex on the posterior wall of the sulcus centralis, 
г te that covering the posterior central gyrus. 


Chimpanzee. 
Two animals were operated on by one of us (W. P. М.) in the Physio- 
logical Laboratory of the University of Liverpool; we wish to record 





Fic. 6. 


b 
Th» baic of a macaque monkey, the shaded areas yepresenting the regions in which cortical 
changes vere found after division of the left side of the spinal cord in the first cervical segment. 


- 
our cordial thanks to Prbfessor Sherrington, who kindly gave his 
vaiurbie help at these operations. In each the lateral pyramidal tract 
was completely divided in the third cervical segment of the cord, but, 
anfertunately, though both operations were successful, one of the animals 
lied om the third day from influenza. The second animal made a 
sommlete recovery, and was allowed to survive exactly four weeks. 
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Tumetaigly atter the operation her was {otal pants sis m the arm 
0. and. deg. on the side of the lesion, and. serious interference with the- 
t movements of the same side of the trunk.. Butin about thirty-six hours | 





а visible. return of. power began to set in and steady improvement. 





continued. for four weeks, when to a layman the animal would have- 
seemed in possession of all ordinary power. ot movement; walking was — 
: apparently normal, and the affected forelimb was used in climbing and 
not infrequently in taking food. The vasomotor and sensory phenomena 
- which resulted from the lesion need not be considered here. 
Twenty-eight days after the operation the animal was again placed 
under. chloroform, and the cortex of both cerebral hemispheres was | 
investigated by electrical stimulation during some five or six hours. 
Both the unipolar and bipolar methods of stimulation were employed, 
and by a simple arrangement it was made possible to employ the same 
^ battery and secondary coil for either method at any moment, so tab 
. exactly the same strength of current could be applied as desired through. 
7 either the unipolar or bipolar electrode. 
— Stimulation of the motor cortex of the hemisphere of the same ede 
às the spinal lesion gave results which agreed closely with the classical 








. researches of Grünbaum and Sherrington [13] on the anthropoid apes. 
- Further details of this particulgr investigation will be given in another 


К place, but here we may say that no response whatever was obtained from | 


any part of the posterior central gyrus, and that the area which responded 


— to stimulation by a minimal current was limited to the anterior centr al 


| and ihe paracentral gyri, and to the immediately adjoining portions of , 
‘the superior and middle frontal convolutions. From the cortex of she 
other cerebral hemisphere—thaé contra-lateral to the spinal lesion—no 


movements of the limbs of either side, or of the trunk, could be obtained 


during the first three hours of stimulation, but after that time, evhen the 
SR бобах was presumably passing Înto state of greater excitability, slight 
s movements of the contra-lateral toes, knee and: hip were obtained, апа 
also, but to an even less degree, of the shoulder: and fingers. 
Homo-lateral movements, could not be elicited from either һе: ni- 
sphere. In view of the almost complete return of voluntary power after 
the previous paralysis, contrasted with thé difficulty of eliciting even 
slight movements by electrical stimulation of the affected cerebral cortex, 


sit ds evident that there must be an essential difference between the ^. 
“elicitation of movements by volition, and [by electrical: excitation: of the Vus 
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cerebral cortex. 
It must be pointed out that in this: ani c 
corticospinal tract that rans in the: right. t ышар: goin е cromed a 








nly that partion’ ofthe = 



































: d, rid. as diy were not dogencthted we shave no means of ейин ш , 
proportion of.the cortico-spinal fibres they contained. Griinbaum - E 
4 She rrington have shown that the ventral pyramidal bundles | are 
sat and as variable in the higher apes as they are in man; as 
e" do not exist in monkeys or in animals lower in the scale, reference 
taan was not necessary in our accounts of those animals. 
< 22 this chimpanzee, as in our other animals after spinal lesions, 
eactionary chromatolysis could be detected only in the giant pyramidal: 
elle of the cerebral cortex, and they were almost entirely limited to the 
venisphere of the side opposite to the spinal lesion. We searched care- 
ull» tor similar changes in other cells, but though a few of the ordinary 
large pyramidal cells presented nuclei displaced towards the periphery, 
# escasionally a partial absence of tigroid bodies in the neighbourhood 
iae nuclei, we could not convince ourselves that there was here any 
i-e ehromatolysis. It may be noted that the giant-cells of the chim- 
Dan:ee brain are of very various sizes, some of them scarcely exceeding 
n bak the ordinary large pyramidal cells; but though none of the 
ter were affected, changes could be seen in giant-cells of all sizes. 
Tis fact is of interest, for, as will be shown later, it is these giant-cells 





ca thre in the spinal cord. 
Careful enumerations of the giant-cells of each hemisphere "were 
ate, and on comparison it was found that those of the left cortex were 
rederably reduced in number, to the proportion of about four to seven 
seupsred with the opposite side. . Further, the interesting fact came 
ut -zat while in the leg and body areaséhe giant-cells in chromatolysis 
геге about four times as numerous as the unaltered cells, in. the forearm 
d “endeareas the proportion of the affected to the unaffected giant-cells 
* as seven to one. This fact pay be possibly correlated with the 
;o bilateral representation of the lower limb and trunk mov ements, 
tae direct ventral pyramidal tracts were not divided, it seems- 
at ші the upper cervical segments of, the cord the cortico-spinal 
bees which subserve the- leg and body are relatively less numerously 
resented in the lateral'(crossed) pyramidal tract than those sub- 
| the forelimb, whereas і in the. Чуен pyramidal tracts the converse 


= area delimited by these affected. celle i is indicated in fg. 7. 1t lay 
mæ lately i in front of the fissure of Rolando? On the mesial surface of 

cisphere it assumed the заре of a flattened inverted pyramid which 
si sstended down to the calloso nargi al deus. On ae мем surface 










шейк sive origin to the cortico-spinal fibres, and they vary consideralily WU 


















t е ан in proportion with the i 
increased distance tud ihe middle line. i In the many hundreds of. 


5. centrats. 
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The lateral Бојане of the brain of a chimpanzee shi the tegion in which’ cortical changes. 
COUWere found afier section st the cortico- spinal fibres in 5 the right side of ihe. e spinal cord, 








cd sections examined in hii animal rai а "single: авва cell “was found S 
posterior to the floor of the fissure of Rolando. In the upper part of |. 
the lateral surface the area included the whole of the precentral gyrus” 

.. and a considerable portion of the Ёа] lobe immediately anterior to it, 
| but its lower part extended only just across the anterior central gyrus. 
The cell-changes cease alnfost abruptly just above the inferior genu 

of the central fissure, for in sections immediately bglow this not more — 
than one in every fifty cells was affects ажа even these disappeared in 
the. space of 2 mm. or 3 mm. Est DU E Ti 













































АМРАГ. TRACTS. a 
n which ihe pyramidal: нас: ‘had been involved: in. local Байна or 

‘stern cegenerations of the spinal cord, the only. material*of which we 
al make use in our present communication was obtained from two 
oaee in which there was complete or almost complete destruction of 
heces tr ‘acts by traumatic lesions of sudden onset. By excluding cases 
n which the disease was slowly progressive, and the interruption of the 
wes therefore not sudden, we are in less danger of adopting conclusions 
101 varranted by facts. | es 
Tase 1—B. C., aged 17 years, was admitted to St. Bariboloui? s. 
Ноо under the care of Mr. W. Bruce Clarke, to whom we are 
dared for permission to use the case, with a fracture-disl ocation. ire 
he vestebral column in the lowest cervical region. The injury was 
ceved in a lift accident. After recovery from the shock it was 
ascertained that there was complete loss of all forms of sensation below 
‘he eusaneous distribution of the seventh cervical roots, with complete 
Jarelyeis of the lower extremities and trunk as well as of the movements 
tae fingers and wrists. The shoulder movements were unaffected. 
Jesion, supination and pronation of the elbows were possible, but were 
-onsiderably weaker in the left than in the right limb; the right Nw x 

ОШ e extended very weakly, but on the left side this movement 
womoleicly paralysed. Death occurred 229 tavs after the accident. 

Tx. Hinds Howell, who examined the spinal cord, has kindly given 
‚ the following report: “ There was a complete transverse lesion of 
- gerd in the seventh. cervical segment; no fibres pass through this 
wtact. The lesion extends higher on the left than on the right 
“reaching the lowest part of the sixth segment. Such a lesion 
пайхыпу produced total degeneration of the pyramidal tracts below its 
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"he drain was received Pid in formalin. The hemispheres 
re plaotographed and the whole of the Rolandic region of each, with 
he oeraeentral lobules, was divided into. suitable blocks, the position of 
ock being carefully marked on the photographs. The sections 
tained from each block could be thus ch localized. They were 
ed with thionin. 

Identical changes were*found in both hemispheres. In the раб: 
тігі lobules in fron} of the upper extremity of the fissure of. Rolando 
ers was a practically complete disappearance of the large giant-cells 
which characterize this region; in numbers of serial sections not a. 
sing e-ene could be seen, and on the. right side in which all present were 
иес ihere у were not more than tw or three i in з eyety кену sections, 
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and alinost all of these were degenerated е normal average number 
cf giant-cells' per section in this region is about thirty. The majority 
|... ot the cells had disappeared without leaving a trace of their previous - 
` existence, but here and there masses of pigment, or small clumps 
ax neurophages, or of glial nuclei marked ‘the positions they had 
occupied. - Despite this extraordinarily ; severe affection of the giant-cells . 
cf the infra-granular layer we could detect no pathological change in, 
or numerical reduction of, the ordinary large pyramidal cells of the 
infra-granular or supra-granular layers ; the polymorphic layer and the 




















EE layers of small and medium-sized pyramids also appear to have escaped 


— е middle of the second frontal convolution the 


“entirely, J The extent of the area in the paracentral lobules which shows 
.. fhis change i is represented in fig. 8. е 
_ The same pathological condition was found on the lateral surface of —. 
_ {һе brain near. the apex, but about 15 mm. from the latter, measured | 
n along the fissure of Rolando, giant-cells begin to reappear, at first in - 
= very small numbers, but their number increased gradually lateralwards. 

The majority of these cells, however, were far from normal; some were 

= in the advanced stages of chromatolysis, others were represented only by ; 

| atrophied and shrunken remains. At about 20 mm. from the apex, still ` 

 &bove the level of the superior frontal suleus, there was in the space 
of a few millimetres а great inerease in the number of normal cells, 
cand | degenerated and atrophied ones disappeared from the sections. ve 

The transition of the abnormal to the normal cortex сап be scarcely " 
described ав abrupt, as through the space of a few millimetres normal К 
and degenerated cells were found together, but it could be certainly 
easily defined. us 

Immediately. below this атал there came a strip of cortex on the 
anterior wall of the fissure of Rolando and on the anterior central 
gyrus, the. structure of which was normal; it contained the etandard 
number of giant-cells. But at a level which was approximately opposite 
giant-cells again became 
: less numerous than normal, and many of then те atrophied or in 

-ehromatolysis. The transition here between the cortex which Was. 

normal and that which was affected was, however, quite gradual; and . 
the pathological changes in this area were not so marked as in the v 
paracentral lobule and the upper third of the apterior central gyrus. . 
The giant-cells were nowhere reduced to less than a third. of ihag ue 
“normal number, and a certain proportion. of them were. ‘intact. The ae 
extent of this area of pathological cortex is represented in fig, 8; its 


lower margin could be more з easily delimite than its opper but it was 
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by no means sharp. The distribution of these changes along the fissures 
. 


of Rotando was the same on the two sides. 
The topography of this affected area on the lateral surfaces of 





. Fic. 8. 


hotocraphs of the brain of Case. The shaded areas represent the regions in the surface 
of the brain in which cell-changes were found. 







ispheres may be briefly described. Its posterior margin coin- 


om of the fissure, but it 





ich resemble 





obvexity of ihe аз 

Absolutely no histo logical еа could be detected posteri ior te the 
| in front of the frontal edge of our areas, or in ary 
cerebral cortex. | 
















n, aged 68, suddenly lost the power of movement :1 
limbs and hands after a fall on her back. On examination.a .- 
' the accident there was complete loss of power in the 


The movements of the shoulder-joints were unaffected, ar.d 
b: of vn er JOWS Was S solos e, pd weak: there was almost: 


nents of oy wr iis. ind Варава This Мени К калуда уегу ‘little te 
(fore death, which occurred 108 days after the accident. We ave 5 
indebted to Dr. J: R. Lunn for this case. 

"The spinal lesion was find on post-mortem examination ‘between 
th ond Med cervical segments at practically the same level as. 
The dorsal columns, the dorsal horns, and the' whole 
bi iia al column excepting its periphery v were. completely 
royed а at Hus level ,and the lesion, шо ез 





ху 


coded into the left lateral 


аро 7, 
а columns escaped, end bid | 
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y tà the numbers from the corresponding levels of normal hemispheres, 
gcv2 а fair indication of the relative affection of the cortex at different 
kevels. In the paracentral lobule the affected area lay entirely in front 
of tke upper extremity of the fissure of Rolando; it contained only 
skou 2°5 intact giant-cells per section, while the normal average is 
ckow 30. In every section large numbers of giant-cells in chromato- 
lysis sould be seen, and a striking feature was the great excess of pig- 
ment all the affected cells contained. This pigment was present in 
trusual amounts in many of the giant-cells which have been included 
in tne normal count, as considering the age at which the patient died its 
[tesence, unless associated with disintegration of the tigroid and dis- 
plicement of the nuclei, was not regarded as evidence of degeneration. 
Ofter only masses of pigment without any stainable cytoplasm or a 
rtc.eus represented degenerated cells, and not infrequently clumps 
cf nearophages laden with such pigment could be seen. Only the giant- 
cels 5f the infra-granular layer were affected, and it is noteworthy that 
tasre was no great excess of pigment in the other cells of the cortex. 

Эп the lateral surfaces of the hemispheres -the areas of affected 
co-tzx were practically identical with those mapped out in Case 1. 
From the mesial margin to about the middle of the superior frontal 
gyrus the relative reduction of the giant- -ells was practically the same 
as in the paracentral lobule, but here a transition area appeared which 
coata.ned both normal and pathological cells, the proportion of the 
former increasing as sections were examined from above downwards, 
А 3kcrt distance above the level of the superior frontal sulcus chroma- 
totyze and atrophic cells disappeared, and an area of normal cortex 
covered the precentral gyrus to justebelow the inferior genu of the 
fa:ur»s of Rolando. From here for a distance of about 15 mm. along ` 
tas fissmre there was another definitely abnormal area of cortex in which 
tae giant-cells were considerably diminished—to about half of the 
normal—and many which persisted were in chromatolysis. The topo- 
graphy of this area was practically, the same as in Case 1, and, as 1n that 
sdecimen, the transition from the normal, to the abnormal cortex was not 
by any means abrupt or sharp ; consequently a definite line could not be 
dray-n around the area. The cortex of the lower quarter of.the anterior 
c2ntrel gyrus was infact. 

Che posterior limit of the affected areas on the lateral surfaces of 
tie bemispheres fell along the bottom of the fissure of Rolando; the 
anzerior limit can be best understood from fig. 8. From this 1t is evident 
that the greater part of the lower area lay in the anterior wall of the 
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fissure of Rolando. Absolutely no changes could be detected in the 
cortex behind this fissure, or in any other region of the brain. 


The Cortical Changes which Result from Capsular Lesions. 


A short description may be given here of the cortical changes which 
"were found in cases in which the iiternal capsule as well as part of the 

central ganglia had been destroyed some time before death, but as 
lesions in this region must interrupt, in addition to the pyramidal tracts, 
projection-fibres from other regions of the cortex the facts we have 
‘obtained from these cases have less direct value for the problems we 
attempt to solve. 

Case 8.—A female, aged 26, died six weeks after the onset of a right 
hemiplegia, which was due to vascular embolism and a softening which 
destroyed the left internal capsule, and almost the whole of the nucleus 
lenticularis and of the optic thalamus. 

The cortical changes were of ‘interest, especially in contrast i those 
we found secondary to spinal lesions. Throughout the whole of the left 
anterior central gyrus and the paracentral lobule there was a considerable 

- diminution of the giant-cells which characterize this region, and very 
‘few of those persisting were*normal. The majority were in chroma- - 
'tolysis or typical reaction à distance ; the swelling of the cells and the 
excentric position of the nuclei seemed to be a more prominent feature 
than in the reaction of these cells to spinal lesions. The disintegration of 
the tigroid bodies was complete in most of the affected cells, in many 
the dendrites were shrinking or had disappeared, and some cells were 
already represented only by massgs of pigment. | 

‚ These changes were not, however, confined to the giant-cells or to 
the areas in which we detected cortical cell-changes after spinal jesions. 
In addition to the giant-cells many of the ordinary large pyramidal cells 
_of the infra-granular layer, and a smal& proportion of the supra-granular 
or superficial pyramids, were similarly affected, and it could be ascer- 
tained beyond doubt that a considerable proportion of the former had 
disappeared. No changes could be detected in the more superficial 
layers of the cortex, or in the layer of polymowphic cells. - 

Further, these changes were not limited to the precentral area; in 
the posterior central gyrus, and indeed in all parts of the.cortex which 
were examined, a not inconsiderable proportion of the infra-granular 

pyramids and a smaller proportion of the superficial pyramids were in 
chromatolysis, and in most regions it appeared probable that many of 
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ix» larger cells of the deeper layer had disappeared. Unfortunately the 
vLole of the cortex of this hemisphere was not systematically exammed. 

This affection of the cortical cells can scarcely have been a direct 
re ult of the vascular lesions, as the softening did not extend into the 
со tex, and 16 was quite as prominent in the paracentral lobule and at 
th- apex of the: hemisphere, both of which receive their blood-supply 
from the anterior cerebral artery, as in the area of distribution of the 
irridle cerebral artery. : 

Case 4.—A man, aged 41, had a stroke producing a right hemiplegia 
aleut eighteen months before his death. Part of the left internal 
veysule was destroyed with portions of the central gangha; the de- 
geceration of the cortico-spinal fibres was so complete that the left 
. bubar pyramid was practically devoid of myelinated fibres. 

The chief cortical changes were: (1) almost complete absence of 
giant-cells from the precentral cortex; (2) a definite loss of the ordinary 
Jazze pyramidal cells of thé infra-granular layer ın both the precentral 
arc the postcentral cortex, with increase of neuroglia throughout this 
la var; and (8) possibly some cell-defect in the superficial layer of large 
pyramidal cells, but on this ıt was extremely difficult to decide with 

*ainiy. 

A short summary of our observations niay be given in a few sentences. 
Pr making use of the reactionary chromatolysis and the subsequent 
chaages which occur in nerve-cells after division of their axis-cylinders, 
we have been able to determine the cortical cells which react to section 
af “he cortico-spinal tracts, and from which we must assume, therefore, 
thi these fibres take origin in man, the chimpanzee, certain monkeys, 
ъз lemur, and in representative carnivgra. 

In the -primates (man, ape, and monkey) the area which contained 
thre oells lay entirely in front of the sulcus centralis; in the carnivora 
it ~as in less close relation to any sulcus, but 1t was chiefly behind the 
sulcis cruciatus. 

Zurther, the only cells from which we have been able to show that 
cortco-spinal fibres spring are the giant- cells of the infra-granular layer, 
whi-h characterize this region of the cortex m all the mammals we have, 
uscc in this 1nvestigation.* , 

Зеѓоге discussing the significance of these observations, and the con- 
clusons that may be drawn from them, it is advisable to give a short 
rays w of the more important contributions to our subject that have 
beer already published. But very few of these deal directly with the 
ongm of the pyramidal tracts. 
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‚ Several байо have directed PA to the alterations of the cells 
of | the cerebral cortex which follow lesions of the internal capsule. 
von Monakow [20] writes that “all the giant-cells (Riesenpyramiden) 
in both man and animals degenerate after the destruction of the internal 
capsule," and “ the pyramidal tracts take origin from the giant-cells of 
the central’ convolutions’”’ (S. 198); but there can be no doubt, from, his: 
tex; and his illustrations (see his fig. 113), that in this connection he 
' applies the term ''Riesenpyramiden ” to the large cells of the supra- 
' granular layer; in fact, the: giant-cells of Betz are not found,in both 
, central convolutions, but only in the anterior. Dotto and Pusateri [9] 
have also observed degeneration of the cortical pyramidal cells after 
destruction of the internal capsule; and Marinesco [17] has recorded 
the cortical changes he found in six cases associated with capsular 
lesions of variable duration. These alterations included’ chromatolysis, 
atrophy, or disappearance of the large pyramidal-cells, dependent on the 
‘duration of the lesion before death. It is not, however, evident from his 
paper if it was only the large giant- (Betz) cells that he saw affected, and | 
he has not described definitely the area in which these changes were 
‘present. At about the same'time Ballet and Faure [2] demonstrated 
the reaction à distance in the large cortical pyramidal-cells in dogs after 
subcortical section of the projection-fibres; and more recently Gentés 
and Bellot [12] have studied the alterations in the neurofibrils of these 
cells that occur secondary to destruction of the internal capsule in 
“men. In neither of the last-mentioned papers is the region in which 
these reactionary changes were found, or the cells which were affected. 
accurately described. But, despite the intrinsic interest of these observa- 
' ticns, 1618 evident that no conclusions as to the origin of the pyramidal 
' trects can be drawn from them, as when these are completely destroyed 
in the internal capsule many of the projection- fibres which pass frem the 
cerebral cortex, as well as the cortico- “pontine tracts, must be also inter- 
rupted, and the cells from which these take origin would consequently 
show the same changes as those from which the cortico-spinal fibres 
arise. 

Їп ‚а, later communication Marinesco [18] has described the cortical 
ckanges he discovered in six cases of paraplegia due to local spinal 
lesions. The cell-changes were described as limited, to the paracentral 
lobule and the’ upper third of the anterior central gyrus, and only the 
giant-cells of this region were affected. The chromatolytic changes super- 
vened later and were slower in, their course than those which resulted 
from interruption of the fibres of the internal capsule. It is interesting 
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shat Rothmann [24], in the discussion which followed. the presentation 
= Mfarinesco's paper; stated that four' weeks after transverse күш: of а 
dogs spinal cord ‘‘ the cortical cells were completely normal", but it is 
aot clear if attention was Specialy directed to these, or what vat ts of the 
oeríex were examined. i 
The first deliberate attémpt to define the exact origin of the cortico- 
spiral tracts has been made by Campbell [7] in connection with his work 
эл she histological localization of cerebral function. This author came 
зо she conclusion at which we have arrived, in fact he tegarded “ the 
Betz cells as discharging elements for motor impulses,” but -the.argu- 
-memis upon which he relied were scarcely sufficient to support this 
zonzlusion. In the first place, he made use of the cortical changes he 
До in two cases of amyotrophic lateral sclerosis; he writes'of this as 
“a disease limited in 16s affection to the muscular system and the motor 
'azsrems of neurones,” and consequently argues that the fact that the cor- 
iccalchanges he discovered were limited to the precentral area “constitutes 
the strongest confirmatory evidence yet adduced to support the assump- 
tor that in man, as well as in the‘ anthropoid apes, the elements acting 
for the direct control of muscular ves ‘are confined to the pre- 
renal gyrus and its paracentral annexe." But, unhappily, his premise 
Зв ebsolutely inaccurate, as amyotrophic Mind sclerosis, as is now well 
-Encwn, is not a disease limited to the motor systems of neurones—in fact, 
in ғ series of ten cases examined by one of us (G. H.) there was invari- 
abl 7 only some degeneration of the spmo-cerebellar tracts, in the peduncles 
cf the cerebellum, and in several tracts of the brain-stem, which cannot be 
aegarded as efferent or “motor.” Further, as Campbell himself rightly 
recognized, the cortical disease is ngb limited to the giant Betz cells, 
{эк there is also a “ general cell-disturbance,” and especially atrophy and 
disappearance of the supra-granular pyramids ; the conclusion, therefore, 
te has tacitly drawn, that only the Betz cells give origin to Вар 
Ebres, is maniféstly unjustified. AT EE 
Further arguments in support. of his conclusion, were орына from 
-the examination of brains of patients Who died at long intervals after the. 
zmnzufation of parts of limbs. In these cases the chief cortical change 
(Was & condition of the gtant-cells identical with the reaction & distance, 
anc this despite the fact that the amputation to which. it is attributed 
"vas ın some of the cases of several years’ duration. Similar changes 
Lad been previously described by Acquisto and Pusateri [1] and by Peli. 
Che interpretation Campbell has placed on them may be questioned. In 
the first place, the problem arises: Are these ‘chromatolytic changes to 
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be ascribed to a retrograde atrophy which oversteps the anterior cornual 
synapses, and thus involves the upper motor neurones? That this really 
occurs seems doubtful, as permanent atrophy of even the anterior horn- 
cells is far from constant after amputations. Further, the cytological 
changes Campbell describes are certainly not such as might be expected 
to result from this condition, and it is noteworthy that he could detect 
no diminution of the affected cells, though on his own showing the cell- 
changes must have existed for years. There is another possibility which 
Campbell himself seems to have considered in raising the question 
" waether, in the case of the cortical motor element, suppression of the 
discharge of energy which 16 elaborates, by division of the second link in 
the neuronic system," can “result in corporeal disintegration "; 1b is 
that the disturbance of the physiological equilibrium of the motor cortex 
_ which must result from the amputation of a limb may lead to structural 
change in its cells. If this be so, Campbell’s conclusion as to the cells 
of ongin of the pyramidal tracts receives little support of any value, for 
besides the fact that ıt is unsatisfactory to argue from the physiological 
to the anatomical, it cannot be maintained that changes resulting from 
such physiological inactivity will express themselves only on the cortico- 
spinal neurones; 16 seems more probable that the whole system of 
neurones concerned in the efaboration of the cortici-fugal discharges 
would be involved. In fact, Campbell invalidates his chief conclusion 
by the statement, “particular attention was not paid to the other cell- 
layers; and although we think that the large pyramidal cells had 
suffered a reduction in numerical strength, we cannot attach much 
importance to the observation, because we did not verify it by making 
careful enumerations and drawings.” 


IV. 


\ 


The first question with which we Mave to deal 15: From what region 
of the cerebral cortex do the cortico-spinal tracts take origin ? 

It must be at once pointed oft that in the present communication 
we are concerned only with the actual cortico-spinal fibres—that 1s, those 
which form the upper motor tract for the volstional movements of the 
limks and trunk—-and that we cannot deal with the fibres which pass 
from the cortical centres for the movements of the eyes, or to the bulbar 
lower motor centres. This restriction has been necessary owing to the 
method on which we have relied, as on dividing the pyramidal tracts 
above the spinal cord other cortici-fugal fibres would be also injured, and 
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this would seriously. &omplicate our task, and TT invalidate our 
conclusions. ` ee : 

The region of the cerebral cortex from which, according to our 
observations, the fibres of the cortico-spinal tracts take origin, has been 
. already mapped out in each of the brains we have examined ; further 
refersnce is therefore necessary only to the exact topographical relation 
of this area in each class of animals to the more constant cerebral 
sulci . "m ‘ : 
In the macaque monkey it lay entirely in front of the fissure of 
-Eolando and never extended to the posterior central gyrus, but the exact | 
relation of its posterior margin to the floor of the sulcus was variable, 
as towards the apex of the hemisphere it practically coincided with 
it, but more laterally it gradually receded from the floor along the 
, anterior wall of the fissure. A similar relation was observed in the 
chimpanzee. 

-n the two human brains we have used in this work the, posterior 
Jimi of the area‘from which we have shown that the cortico-spmal fibres 
take origin never crossed the bottom of the sulcus, but in a few of the 
many hemispheres, normal and pathological, in which this region has been 
examined by one of us, the giant-cells from which we shall show that 
the cortico-spinal fibres spring extended behind the fissure, and in one 
case almost reached the apex of the posterior central gyrus. . In fact, as 
Scháfér, Sherrington [26], Elliot Smith, Vogt [29], and Brodmann [5] 
have insisted, the relation of even the chief fissures to homologous cortical 
areLs is by no means constant even in the same species, and their import- 
anc in cortical localization may be consequently overrated. 

It is noteworthy that the region gf the cerebral cortex that gives 
origin to the cortico-spinal fibres subserving the trunk and hmbs in both 
the dog and cat lies chiefly behind the sulcus cruciatus, and does not 
extend lateral to the sulcus coronalis. 

In the lemur none of the mfrgins of the area can be accurately 
defined by the position of a sulcus. 

There are very few anatomical obsetvations known to us which help 
то confirm our conclusion that in the primates the cortico-spinal fibres 
spr-ng only from the cortex in front of the sulcus centralis, though it 
mary be seen from the extracts in our opening paragraphs that there is a 
temdency to the opinion that the major pus of these bundles come from 
the anterior central gyrus. 

Campbell’s [7] work, and especially his arguments based on the 
cortical changes he found in amyotrophic lateral sclerosis and after 
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amputations, are extremely suggestive, but, as we have seen, his сопе 


' '* gions are operf to serious criticism. 


Mellus [19], however, failed to trace degenerated bias: into the 
spinal cord by the Marchi method in several macaque monkeys after th- 
removal of Beevor and Horsley's "thumb centre” in the posterio- 
. central gyrus, and only in one animal could he demonstrate a few. 
Further, Griinbaum and Sherrington [14], working with the anthropoid 
apes, were unable to find any degeneration in the spinal cord afte- 
. removal of portions of the cortex of the posterior central gyrus, thougl. 
spinal degeneration. was always obtained from lesions of the anterior 
central gyrus. , Е 

On the other hand, Vogt [29] found, besides extensive degeneratior 
of the pyramidal tracts after'destruction of the anterior central gyrus 
very slight (“sehr geringfügige ") pyramidal degeneration from lesions ог 
the posterior central cortex ; unhappily, a detailed description of hus 
observations is not given. Von Monakow, too (20], from the investiga- 
tion of secondary degeneration from cortical lesions, came to the conclu- 
sion that in man pyramidal fibres spring from the posterior central 
gyrus. 

But evidently after cortical ablations a negative result is of. muck 
greater value than a positive * and it séems to us: that a point of funda- 
mental importance has been definitely settled ın the present investiga- 
tion carried out over a long series of animals, and in man by a method. 
free from the fallacies which so easily arise in the use of the excitation. 
method, which indeed have given such contradictory results in even the 
best hands, viz., that the posterior central (ascending parietal) gyrus is 
in no way directly concerned with the origin of the mator (pyramidal) 
fibres subserving the limbs and trunk. 


boc 
. 


V. 

The second question with which? уе are concerned 18: From what 
cells of the cerebral cortex do the cortico-spinal fibres take origin ? 

In all ow maternal in whieh the cortico-spinal tracts had, been 
destroyed by lesions so situated that no other cortici-fugal fibres could 
have been injured the reactionary cell-changes could be found only in 
the infra-granular layer of the cortex (Campbell’s VL, Brodmann's V. 
layer); we never succeeded in,detecting chromatolytic changes in the 
superficial pyramids, in the polymorphous layer, or in any of the smaller 
pyramids or granule cells. The infra-granular layer'of the'area of cortex 
to which we found the changes limited contains not only large pyramidal 
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cels vhich correspond approximately in size and shape to those which 
ocury this layer in other regions -of the cortex, but also cells much 
larger, more bulky or pyriform in shape, more richly supplied with 
ccars2 masses of chromatophilic material, and possessing a nucleus 
waiea is small in proportion to the cell-body. These giant-cells, which 
were originally described by Betz, and later by Bevan Lewis and 
С arke as the “ ganglionic cells," are very variable in size; some, indeed, 
scarcely exceed in bulk those which we regard ‘as ordinary large pyra- 
nidal cells, but from these they may be easily distinguished by their 
skaps and staining reactions. It has been in these giant-cells, and in 
then. only, that we have found changes when the cortico-spinal tracts 
a.one of the cortici-fugal fibres were destroyed by the lesion. We musi 
therefore conclude that ıt 1s from these cells, and from them alone, that, 
tae pyramidal tracts spring. | : 

The question then naturally arises: Do these giant-cells which are 
limited to the region from which the pyramidal tracts arise give origin 
oily to cortico-spinal fibres? It 15 difficult td give a definite answer to 
tais, but it appears to us that the reply should be in the affirmative. 
After experimental section of one pyramidal tract in the higher cervical 
ssgnmients of the cord we always found, even after considerable periods, 
a certain proportion of the giant-cells of the opposite hemisphere 
remaining imtact—in the calhthrix monkey, for instance, about one- 
twelfth to one-fifteenth of the normal number. ‘But this is what should 
ke expected even if all the giant-cells do send their axis-cylinders to the 
кош cord, as in all mammals a certain proportion of the cortico-spinal 
fbres run through the homo-lateral columns of the cord and con- 
equently escape injury in a lésion of the opposite side. In this fact, 
too, we find the explanation of our observations that faradic unipolar 
zin-ulatiqn of the affected cortical area of the left hemisphere in this 
narkey produced only movements of the limbs of the same side. 

But this explanation of the еѕс of a certain number of the giant- 
cells in the hemisphere on the side opposite to the spinal lesion demands, 
ії it be correct, that a certain proportion’ of those in the corresponding 
wegions of the homo-lateral hemisphere, approximately equal to that 
љешзіпіпе intact in the opposite, should be affected. And in fact we 
kav- found this to be „the case in every one of the brains we examined 
within the two months after unilateral section of the spinal cord; it 
~votld be evidently scarcely possible to make this observation at the stage 
m vhich the only prominent change m the cortex was disappearance of 
“he affected cells, as it was in one of our monkeys. 
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: In our human Case 1, on the other hand, in which-there was a 
complete transverse, lesion of the spinal cord in the seventh cervical 
segment, scarcely a single normal giant-cell could be found in either 
paracentral lobule, or in the apical portion of the anterior central gyrus ; 
that a certain proportion remained intact at the lower margin of the 
effected area on the lateral convexity and in the region of the cortical 
motor-centres for the finger and hand movements, may be explained 
partly by assuming a certain overlapping of the centres with normal 
end interrupted projection systems, and partly also from the fact that 
the plane.of our sections was not exactly parallel to the lower margin of 
the affected area. On the other hand, the escape or slighter affection 
cf some of the cells may have been possibly due to the existence of 
collaterals from their axis-cylinders to the corpus callosum or elsewhere, 
вэ that sufficient function was still possible to the cells to save them 
from degenerative changes. 

From the above facts we may conclude that certainly almost all, if 
not all, the giant-cells of the portions of the precentral areas we have 
investigated send their axis-cylinders to their cortico-spinal tracts. 

The published observations we can collect to corroborate this view 
are few, though it has been several times already brought forward, bat 
without any unequivocal proof « or even strong evidence in support of :t. 
Cajal [6] indeed, who assumed that the pyramidal tracts spring from 
the large pyramidal cells of the fourth and sixth cortical layers, imms- 
diately adds, "but we must remark that this is only a more or less 
plausible hypothesis which is entirely without physiological and anatomo- 
pathological foundation." 

According to von Monakows [20], “the pyramidal tracts take origin 
fiom the giant ВА elements (Riesenpyramidenkórpern) of the 
central convoluiions"; but as has been already pointed out,ehhe large 
superficial pyramidal cells are referred to here ; indeed, it cannot be the 
g-ant- (Betz) cells alone, as these exist only in the anterior central gyrus. 
It appears to us that of the other authors, Marinesco alone had, in the 
cortical changes he observed secondary to spinal lesions, sufficient 

evidence for any definite statement as to the cells of origin of the 
` cortico-spinal tracts. е 

The changes which develop in the precentrgl cortex ЖОЛ, to 
capsular lesions, and those we found in the lemur after unilateral section 
of.the crus, may be contrasted here with those which result from 
destruction of the cortico-spinal fibres alone. In the latter condition 
we found only the giant-cells affected, while after interruption of the 
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pro-extion fibres from the: cortex’ to the central ganglia and lower centres 
by capsular lesions or by section of the crus there occurs in addition 
chromatolysis, and later atrophy and. disappearance, of many of the 
pyramidal cells of the supra- and infra-granular layers, but especially 
of zhe latter. Von Monakow also found the large pyramidal cells 
degsnerated after capsular lesions, but it is not evident from the descrip- 
tions given by Marinesco, and -by Ballet and Faure, whether they 
observed changes in these ordinary large pyramidal, cells or only i in the 
giart-cells. 

-t therefore appears that, in tbe central gyri ab least, the ordinary 
large pyramidal cells, but -especially those of-the infra-granular layer, 
give origm to the shorter projection fibres-of the cortex. And the 
giart-cells may be regarded as large pyramidal elements modified in the 
course of phylogenesis as the cerebral cortex acquires a' direct connection. . 
-vitk the spinal cord, and we consider from data obtained in the present 
research that the 4nfra-gramular giant pyramidal cells undoubtedly give 
orig x to the cortico-spinal fibres subserving the limbs and trunk, and m 
the cortical areas under consideration to these only. 

VI. ° 

The question' as to whether the origin of the cortico-spinal tracts is 
cn-exienswvoe with the excitable cortical area subserving the limbs and 
wuns is of great interest, but a satisfactory reply is rendered more than 
wsualy difficult by the fact that “the excitable motor cortex” is a very 
ialat-ve term, and the areas to which it has been applied have been 
mapped out strikingly differently by varieus observers; of this anyone 
can «convince himself by a glance at Plate 4 of Vogt’s [30] monograph, 
in which» the results obtained -by various experimenters on the 
cercopithecins are reproduced. 

Emidently the extent of coriex* from which movements can be ` 
obtained depends on several conditions, and even when-minimal stimuli 
are employed the state of anzsthesia, the condition of the exposed brain, 
and factors which facilitate the spread or irradiation of the current both 
saperisially and deeply can Seriously-influence the results. These com- 
picatng factors have pade the term “motor “cortex ” very vague and 
, indefttte. | | ' 
|. Fzem the anatomical point of view “the motor zone. would: be best 

aad nost sharply defined and delimited as the region of the pyramidal 
tracts- (v. Monakow), but. anatomy has failed hitherto to delimit this 
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region accurately. We may, however, attempt to show how closely the 
areas we have mapped out by anatomical methods coincide with the 
"motor cortex” as defined by the more recent physiological investigations. 
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А reproduetion of Vogt's figure showing the cortical centres for primary movement in the 
lateral surface of the hemisphere. The centres for thé movements of the limbs and trunk 
&re enclosed in front and below by the thick broken line. 


In no other class, perhaps, have the excitable cortical centres been so 
frequently or so carefully studied as in the lower monkeys, especially in 
the macaque family, and m this class consequently we may begin 
our attempt to correlate our anatomical facts with, physiological con- 
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2lasions. For this purpose we select the work of C. and О. Vogt, who . 
rezently carried out experiments in a large Humber of animals with every 
` pe@sible precaution [30]. 

Fig. 9 is a reproduction of Vogt’ s composite diagram" of the results 
lained by ünipolar faradic stimulation of the cortex in twenty-seven 
arimals, the centres for the movements of the limbs and trunk being. 
enclosed by a thick line. On comparing this with our fig..4 obtained by 
ar entirely different method the practical identity of the area of origin 
of the cortico-spinal fibres with this portion of the “ excitable motor ' 
cortex’ is very striking. The absence of excitable foci in the posterior 
ceatral gyrus, and the close correspondence between the line in Vogt's 
dizgram which separates the centres for the upper limb from those for 
sha facial movements, with that of the lower limit we obtained for the 
area of origin of the cortico-spinal fibres, are worthy of note. The | 
frcntal margins of the two areas also correspond fairly closely, except 
perhaps that our area includes part of Vogt’s " unerregbareres pricen- , 
treles Feld," that is, a small area lying above and in front of the superior 
pr-central sulcus. On the other hand, Vogt places no excitable foci in the 
gy-us marginalis on the mesial surface of the hemisphere, while we have 
tocnd that a not inconsiderable proportion of the cells of origin of the 
co-tico-spinal tracts lie in this region. It must, be, however, pointed out 
thet Vogt’s observations on the inexcitability of the mesial surface of the 
hemisphere are at variance with those obtained by many other investi- 
gaors, especially Horsley:and Schäfer; the German authors, it is true, 
cb-ained movements by stimulation of this region, but came to the con- 
clusion that it is not an excitable area in the restricted significance of 
the term, as identical movements could-be always obtained from the 
lataral surface of the hemisphere, and stronger currents were always 
reeded вап there; further, the movements obtained from the mesial 
surface were more variable and less locahzed than those from the’ 
corvexity of the brain. Further physiological investigations may be 
awnited before any attempt is made to explain this discrepancy between: 
tae physiological “excitable cortex" and, the region of origin of the : 
cosico-spinal fibres in the gyrus marginalis. lt is noteworthy that in 
tae orang, C. and O. Vogt discovered true’ excitable foci on the mesial: 
suřace, as кешн and Grünbaum had previously done in the 
caimpanzee. x 
, -Records of bibl О exparimentg on the cerebral cortex- of the 

“lemur have been recently published by Vólsch [31], О. ‘and C. Vogt [30], 
aac by Mott and Halliburton [21]; previous observations had been, 
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-made by Elliot Smith and Page May [27], and again by Elliot Smith 
and W. H. Wilson [28]. One of us (W. P.M.) has during the lass 
three years made similar, observations on six other lemurs, and these 
excitation experiments, which will be published in detail later, showed 
definitely that, as 1n the post-central gyrus of the monkeys and apes, 
na motor response could be produced by stimulation with a minimal 
strength of current behind the sulcus X, though when an electrode was. 
placed in its depth movements,, most frequently of the hip, could ba 
obtained. In fact, the posterior limit of the excitable cortex comeide= 
almost exactly with that of the area mapped out in fig. 3, not only 
or the lateral surface but on the mesial as well, and indeed the extent 
of each area is almost identical. These excitation results agree with 
those obtained by one of us in conjunction with Elliot Smith five years 
ago, and more recently by C. and O. Vogt, but-the latter do not extend 
the area to the mesial surface of the hemisphere. On the other hanc, 
Halliburton and Mott have mapped out the motor centres over a much 
more extensive area of cortex, especially posterior to sulcus X. 

It may be pointed out that one lemur ‘was the only animal in whica 
| tke upper motor neurone fibres for the face, tongue and head movements 
were divided, and corresponding. thereto we have in this animal alone 
found histological changes i if the cortical centres for these movements. 

The excitable “ motor” cortex of the chimpanzee has been mapped 
out by Grünbaum and Sherrington [13] in their classical contributions 
which form a landmark in cerebral localization. The stimulation 
results obtained ın our animal entirely confirm their conclusions, but 
with us the area, stimulation of which by minimal currents gave motor 
responses, extended slightly jn front of the precentral sulcus; for 
irstance, in the right hemisphere flexion of the wrist was obtained 
4 to 5 mm. in front of it. In ‘fact, the anterior limit of the exci- 
able area, as defined by physiological methods in the right henusphers, 
coincided exactly with the frontal fnargin of the area of origin of tke 
pyramidal tracts, as delimited by anatomical methods in the left 
hemisphere. 

The slight discrepancy which exists between our histological resulis 
and the physiological results of Grünbaum and Sherrington may be due 
to individual variation; in fact, these authors have,insisted on the incon- 
stancy of the sulci, and therefore on the fallacy of using them as strit 
landmarks. On the other hand, as Campbell has already pomted out, 
and we confirm the observation, the giant-cells become sparser to- 
wards the frontal margin of the area, and this region must therefore, 
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thoagh. part of the motor cortex, give a smaller response, to the same 
strength ‘of current than would be obtained more posteniorly* Grünbsum 
anc Sherrington К АЙЫ this fact in their stimulation experiments, 
for shey write that “ the anterior limit of the motor field is not of a sharp, 
abrapt character, but fades off forwards somewhat gradually. This 

edg= extends further forward under Bahnwmg." Tt is therefore evident 
tha in the chimpanzee, too, the origin of the cortico-spinal tracts 1s: 
closly co-extensive with the excitable “motor” cortex for the limbs 
and. trunk. | E . 

li is useless to attempt to discuss in detail the topographical rela- 
tiox of the-area of origin of the cortico-spinal tracts in man to the exert- 
able motor cortex, as the latter naturally cannot be investigated by 
surgeons under such favourable conditions as in the lower animals. Yet 
в ccnsiderable number of observations, especially by Horsley, Cushing 
and Krause, have accumulated, from which it appears extremely probable 
that in man, as in the anthropoid apes, the motor centres le entirely 
in front of the fissure of Rolando, and occupy only a relatively small 
area on the surface of the anterior central gyrus. This fact is in entire 
agreement with our anatomical observations. 

Їп dealing with the carnivora we are also in difficulties owing to the 
-wam of recent and exact observations on thé topography of the excitable 
eort-cal centres for the movements of "the trunk and limbs in their 
raias. It is evident, however, on comparing Hitzig’s descriptions and | 
zhe liagrams of his stiniulation results with our figures that the area 
` Zrom. which we trace the origin of the cortico-spinal tracts is practically 

co-eztensive with the cortical centres for the limb and trunk movements ` 
4iscavered by Hitzig. ` 

Hence, from our own "Ышш. experiments on the animals 
desccibed in the present paper and elsewhere, and 'by reference to some 
of the chief classical excitation investigations of others, we must conclude | 
chat the origin of the cortico- spinal Pacts as delimited by our method is” 
xo-ectensive with the excitable cortical area for the limbs and trunk. 


VII. 


Linal the question comes: Does the area of the origin of the 
 ayrcmüdal tracts coincide with amy оша type оў the cerebral 
sorter ? ' 

There 1s a special interest in this — as within the last few 
wears the whole of the cerebral cortex of man, as well as of representatives 


; е pe ; - 
40 ORIGINAL ARTICLES .AND CLINICAL CASES 


_ of most of the mammalian classes, has been divided by several observers 
into a large number of areas, each. characterized by its histological 
' structure. The fullest communications on this subject we owe to 
Campbell [7], whose work was ‘first presented to the Royal Society in 
1908, and appeared in full in 1905, and to Brodmann [5], who kas 
published a series of papers since 1908. 

The importance of this:sub-division of the cortex by histological 
methods lies in the fact that from difference in structure we may inier 
` some differencé in function, and a structural sub-division thus becomes 

parallel to a functional. This significance has been long recognized, 
indeed, in the early days of cerebral localization Bevan, Lewis and 
` Clarke discussed the relationship of definite areas characterized by the 
presence of “ ganglionic cells " to the motor area as defined by Ferner. 
Many other authors have applied the term “motor area” to the cortex 
· of в certain region, or an area with certain structural peculiarities, only 
because some experunents had shown that movements could be obtained 


Е _ by excitation of ıt; and some, indeed, have been entirely dominated in 


anatomical investigations by more or less untrustworthy physiological · 
data. Cajal [6], for instance, has included both central gyri in the 
“motor area,” though recognizing the great difference there is between 
the structure of the cortex of gach. The most noteworthy attempt to 
correlate function with structure has been made by Campbell, who has 
assigned specific functions to:most of the cortical structural areas he-has 
described. Brodmann has also recognized that it is a logical postulate that , 
each area of specific histological structure has a specific function, but 
he, happily, has not burdened his observations with vague, hypotheses 
regarding function. For it muet be evident that the architecture of an 
‘area, alone cannot be a trustworthy guide to its function; and that a 
physiological area should fall’ within or include a portion of a structural 
field is evidently no argument that this function is specifically related to 
' that structural area, unless i$ can Be definitely shown to be accurately 
‘co-extensive with it. . : 
Excepting, perhaps, the саїсатіпе type, with which the painstaking 
observations of Bolton have definitely associated the visuo-sensory func- 
tion, the function of no structural area of the cerebral cortex has been 
made so probable as that which covers part of the,anterior central gyrus 
in the primates. Campbell onginally showed, in the brains of the apes 
that had been used by Grünbaum and Sherrington, that this structural 
area coincided very closely to that which responded to electrical stimula- 
tion. Vogt, on the other hand, has investigated the relation of the 
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excitable йек to this structural area = numerous stimulation experi- 
ments in the monkeys and other animals, and found that though in the 
&nserior central gyrus the excitable area lies within Brodmann’s area 


gicanto-pyramidalis the two areas are not exactly co-extensive. The, 
' certres in the frontal lobes from which movements of the eyes can be ' 


obtained, and the focus from which mastication movements may be 
preduced, correspond to other structural areas. 

‚ But no more definite proof of the physiological value of the histo- 
logical sub-division of the cerebral cortex could be brought than the 
demonstration by anatomical methods that the area giganto-pyramidalis 
is exactly co-extensive with the field of origin of the upper motor tracts. 
Our previous conclusions have practically done this as far as man, the 
' ape and monkey are concerned, for on the one hand we ‘have’ found that 
it :s only from the giant-cells of the anterior central gyrus and the 
cor-esponding portión of the paracentral' lobule that the cortico- spinal 
fibres spring, while on the other these same giant- “cells determine the 
extant of a structural field, the precentral area of Campbell, or the area 
giganto-pyramidalis of Brodmann. This area, it is true, is moré 
extensive than that from which we have shown that the cortico-spinal 
fibras take origin, but thére can be little doubt that from the portion of 
it remaining over the analogous cortico-bulbar fibres arise. 

“With this reservation we may then “conclude: that the origin of the 
pyramidal tracts in man, the anthropoid apes, and the ne anne is 
co-extensive with a “ structural field." 

In the lemur the area of origin of the pyramidal жан is approxi- 
mately the same as the histological field delimited by Page May and 
Elit Smith [27] and by Brodmann.[5], but ıt differs .considerably 
fron the “ motor area" mapped out by Mott and Miss Kelley [22], who 
hava pléced the greater*part of it behind the sulcus X. ! 

' The region fron’ which in the dog we havé found that the cortico- ` 
spiral fibres take origin corresponds closely with part ‘of the area 
dehmited by Brodmann [5]; it has practically the same posterior limt, 
and includes very little of the anterior , sigmoid gyrus. According to 
Campbell [7] and Képpen and Löwenstein [16], the greater portion of 
the anterior sigmoid gyrus is included in this area, but with this state- 
meri we can certajnly not agree. On the other hand, we found nó 
chamges lateral to the sulcus coronalis, ог in the anterior portion of the- 
gyrvs sigmoideus, though these regions contained intact giant- -cells. But’ 
if, as appears probable from stimulation experiments, it is from these 


unakered regions that .the cortico-bulbar fibres ' arise we may сав ^ 
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that in the dog, toa, the origin of the cortico-spinal fibres is co-extensive 
with part of a “ structural field.” 

In the cat the area we have mapped out as the origin of the pyramidal 
tracts corresponds closely with the structural fields of Campbell and 
Brodmann. 


CONCLUSIONS. ` ж 


After division of the motor pyramidal fibres in the upper cervical 
rezion of the spinal cord ‘there appears reactionary chromatolysis and 
atrophy of the cells in the cerebral cortex from which these fibres take 
origin. By operaing thus on a series of animals (cat, dog, lemur, 
-monkey and chimpanzee), and by utilizing two suitable cases in man, 
it has been possible to attain by histological methods the following 
ccnclusions :— ; ' | 

(1) The exact area of the cerebral cortex from which the cortico- 
spinal fibres subserving the limbs and trunk take origin is that showa m 
our figures and described in our text. In the primates this area hes 
entirely in front of the central (Rolandic) fissure. 

* (2) These cortico-spinal fibres arise only from the giant pyranridal 
cells of the infra-granular layer of this portion: of the cortex, and these 
cells probably give origin only te cortico-spinal fibres. 

. (8) The area of origin of these cortico-spinal fibres coincides closely 
with the “excitable motor cortex " subserving the limbs and trunk, as 
this has been mapped out by recent investigations. 

(4) This area of origin of the cortico-spinal fibres is co-extensive with 
part of a structurally differentiated cortical field. 
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A NOTE UPON THE FARADIC STIMULATION OF THE 
POSTCENTRAL GYRUS IN CONSCIOUS PATIENTS. 


BY HARVEY CUSHING, M.D. 
Associate Professor of Surgery, The Johns Hopkins Hospital, Baltimore. ` 


ONE of the most important steps in our progress toward a more exact 
localization of function in the cerebral cortex was taken when, by a 
method of unipolar faradization, Sherrington and Grünbaum accurately 
delineated the confines of the so-called motor area. "The circumscrip- 
tion of this electrically excitable strip of cortex in the ape to the anterior 
wallof the fissura centralis (Rolandi) and to the adjoining surface of 
- the precentral gyrus, has received confirmation through the more recent 
studies of myelinization, and through investigations into the finer bisto- 
logy of the cortex, which have shown that this area corresponds with the 
distribution of the Betz cells. Sherrington and Grünbaum's observa- 
tions on the anthropoid brait, furthermore, have since been confirmed 
for man by Krause and Frazier; and I have had the occasion myself to 
stimulate the cortex of more than fifty anesthetized patients with results 
in exact accord with those reported in 1901 from the Thompson Yates 
Laboratory of Physiology. 

This surprising delimitation of. what had previously been considered 
` а wide territory to a relatively ngrrow precentral strip, left, without defi- 
-nitély proven function, the large portion of Munk’s sensori-motor field— 
the old “ motor area" of others—lying posterior to the central fissure. 
. Conjectures have naturally arisen in regard to the function of this 
feld—one from which motion may® be elicited by undue strength of 
current—and the presumption that it is а sensory end-station has 
received support from certain *histological studies (notably those of 
Alfred W. Campbell) as well ds from a number of, carefully observed 
clinieal cases.? : 


1 Presented at a meeting of the American Physiological Society, December 80, 1908. 

* It would thus appear, as is so often the case with disputed points, that there is an 
element of truth on both sides; for the original ‘‘ motor area,” embracing ‘the convolutions 
on each side of the central fissure, appears to be sensori-motor, though not in Munk’s sense 
—namely, with coinciding or superimposed afferent and efferent stations. 

There can be no doubt but that lesions of the gyrus precentralis can lead to motor disturb- 
ances without recognizable sensory loss; on the contrary, a lesion limited to the gyrus 
postcentralis will almost inevitably inhibit normal free movements. I have seen a number of 
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' The experimental study of sensation in animals, being limited to thé 
interpretation of reflex,actions, is most difficult and tnsatisfactory. 
Needless’ to say, it is a matter which requires on the part of the subject 
not only an analysis of his sensory impressions, but their transference by 
descriptive speech to the observer, who in turn must interpret this 
description ; for at best if is difficult ү find weeds precisely indicative 
of many forms of sensation. 

Owing to the impossibility of this necessary sommunication the 
making of observations on the sensory cortex of unanesthetized 
animals would be as futile as during a state of narcosis. This, how- 
ever, is not the case with man. | 

A year ago I reported, with Dr. Н. M. Thomas, a surgical experience! 
in which at a second-stage operation an osteoplastic flap, previously . 
made, was re-elevated, the dura reflected, the cortex incised, and a sub- ` 
cortical cystic tumour removed from the postcentral feld of an unanes- 
thetized patient. The procedure, with the exception of accidental 
dragging upon the dura, and the final reclosure of the scalp, not only 
occasioned no discomfort, but was attended on the part of the patient 
by a lively and helpful interest in the performance. He even informed 
us of a focal sensory attack which occurred early in the proceedings, 
evidently incited by the preliminary. palSation of the exposed brain. 
At the first session of the operation, under anesthesia, the motor 
cortex had been electrically delineated, and we greatly regretted that after 
safely concluding the second stage we had not taken the occasion to test. 
with the faradic current the postcentral areas.” 2 
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instances of this. "Thus, in в patient with a glioma of the postcentràl gyrus, partial hemi- 
anesthesia was accompanied by marked motor gisturbances, but no degeneration of the 
pyramidal tract was demonstrable at autopsy; and, further, an operative case with prompt 


restoration of normal motility after the evacuation of a postcentral, subcortical clot in a . 


patient psesumed to be hemiplegic, has been detailed in my Carpenter Lecture for 1906 
(New York Medical Journal, January 26, 1907). 

On a few occasions, in cases of focal epil sy, characterized by a definite sensory aura in face 
or hand, I have extirpated a segment of the Baicontral convolution corréspondiug with the level 
of the precentral strip, from which movement in the part concerned was elicited by cortical 
stimulation at the time of operation. Occasionally, though not always, a certain degree, 

,of hyperesthesia has subsequently been demonstzable in the expected field; but this has 
always been a transient affair, clearing’up in large part rapidly just as does a motor реву. 
resulting from the extirpation ‘of а small segment of fhe precentral gyrus. 

These observations have never been such as to justify definite physiological conclusions, for 
the extirpated segment has usually been small—a cubic centimetre of tissue possibly—and the 
deeper cortex lining the wall of the fissure must often have remained intact. 

* Removal of a Subaortical Cystic Tumour at а Second-stage Operation without Anæs- 
thesia,” Journal of the American Medical Association, 1908, vol. i., р. 847. >. 

? A footnote describing a single, and the first experience in this “direction, accompanied the 
article referred to above. In making a subtémporal defect for purposes of decompression ina 
case of brain tumour—a; procedure usually concluded under anesthesia at one sitting—it 
was necessary, owing to some meningeal bleeding, not easily checked, to postpone the opening 
of the dura fo a second-session. This was'&ccomplished without an anesthetic, and, the . 
exposed temporal lobe was stimulated, giving the patient certain definite auditory impressions 
which he clearly distinguished from, the “« buzz” of the vibrator. : 
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In the -pagt year, however, the exigencies of two ‘surgical cases have 
given us the looked-for opportumity of making further observations upon 
the sensory field. It is the purpose of this paper to record solely the 
physiological aspects of these observations, although their’surgical aspects 
are possibly of even greater importance; for if it will be possible in the 
future to pick.out with an electrode areas of the bram from which the 
sensory aura of a focal convulsion has originated, we shall have advanced 
a long way toward the possible operative localization: of subcortical 
irritative lesions of.the immediately postcentral field. 


Case 1. Huestory—The patient, a sturdy and intelligent boy of 15 years of 
dge, was referred by Dr. Н. M. Thomas to the surgieal service of the Johrs 
Hopkins Hospital on June 16, 1908, suffering from “convulsive attacks origin- 
ating in right hand and right side of face.” At the time of onset, two years 
before admission, these seizures were limited to a subjective sensory disturb- 
arce, characterized at first by periods of numbness in the little finger of 
the right hand, and finally by what was described as a “funny feeling” in 
the arm—a “ gone sensation.” 

These purely sensory attacks increased in  Жедйейву and severity, and 
firally were followed by a twitching of the little finger; then by contractions 
involving the whole arm, and more recently by an extension of the motar 
disturbances to the right side ofthe face. 

Though he had never himself observed an involvement of the right leg, tha 

more severe seizures which occurred after his admission to the hospital were 
accompanied by a definite convulsive movement in the lower extremity as well. 

A typical attack, many of which’ were observed, was preceded for a period 
of possibly ten minutes by a feeling of weakness or “ goneness” in the arm. 
This was followed by tingling, roughly confined to the ulnar cutaneous dis- 
tribution of the hand; then the arm would suddenly flex and be drawn 
up above the head. At this stage of the seizure he could occasionally check 
further ‘progress of the “march” by grasping the affected arm with the 
lef; hand, and by pushing it violently to his side. No loss of consciousness 
accompanied the attacks, and usually, theugh not always, he could be made to 
speak during them. They were attended by a sensation of apprehension, but 
never by one of pain. 

In the most severe seizures he оша be drawn to the floor by ап arching of 
the body to the right, with convulsive movements of the right side; but even 
in these attacks he was never known completely to lose consciousness. A 
‘dissinet though’ transient weakness in the arm with irregular ataxic movements 
ustally followed the attacks. 

Beyond the presence of an incipient ahoka dise (hyperemic stage), 
anc a slight disturbance of pain. and temperature sense over the postaxial 
: surface of the hand and forearm, ‘the, physical examination was practically 
negative. К 
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With the presumption that some organic lesion, possibly a tum of the 
pesicentral territory, would be found, an exploration was advised! 

Operation (first stage, June 16, 1908.)—An area of the left hemisphere, 
ае shown in the accompanying sketch (fig. 1), was exposed by the usual osteo- 
phstic craniotomy. The hemisphere was found under slightly increased tension, 
brr no abnormality was apparent. > 

Owing to the characteristic configuration of the central eR the land- 
mks of the exposed part of the hemisphere were perfectly clear, but the 
Si.-ation.of the precentral gyrus was further assured by unipolar stimulation 
wach elicited the usual sharp movements in wrist, in elbow, in shoulder and in 
fac». The only subcortical investigation at this time was limited to the explora- - 
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txy puncture of the postcentral gyrus in the vain hope that a cyst might thus 
L=encountered. The wound was then reclosed. А 

The boy's distressing seizures- continued urfabated, until finally it was deter- 
mmed that some more radical attempt should be made to disclose, if possible, 
tasir source of origin. It was hoped that if the cortex could be stimulated 
v Lile the patient was ¢onscious; we might thus obtain some evidence of the 
s:ination of the presumed lesion sufficient to justify а more extensive subcortical 
exoloration. 

Operation (second stage, July 6, 1908). — After ar preliminary injection of 
# zr. of morphia, and under primary anesthesia by chloroform, the edges of 
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the former incision were newly separated and the original bone-flap quickly 
re-elevated. "Phe patient promptly regained complete consciousness, and while 
in this state, without occasioning discomfort, the dura was divided in the Hine of 
the previous closure, and the membrane was again reflected. 

Cortecal stimulation.—The following electrical observations were then made. 
The same movements as before were easily elicited with a mild faradic current 
from the precentral strip. These motor responses in detail and in the order in 
. which they were obtained from the areas shown in the nosom pany iag sketch 
(fig. 1) consisted of :— 

(1) An opposing movement of thumb and fingers from solids opposite to tbe 
unmistakable genu. 

(2) Somewhat higher up, extension of the index finger. 

(8) Stil higher flexion of the fingers, which carried over to flexion ot 
the wrist. 

(4) At the upper margin of the exposed field, flexion of the elbow. - 

(5). Below the evident middle genu the movements, which required à some- 
what stronger current, consisted of contraction of the side of the face. 

(6) Movements of palate and fauces, a curious choking sensation being 
occasioned whenever they were obtained ; and - 

(7). From the very lowest exposed part of the strip movements of the tongue 
occurred, and the patient experienced a sensation of movement in the lower jaw. 
though this was not certified by the observers. 

ТЬ is to be noted that the subject was perfectly aware of these movements: 
anc in the attempt to express the sense of feeling which was occasioned by them 
he said that it was the same sort of a drawing sensation appreciated when the 
muscles are “ pulled” by peripheral stimulation—a familiar experience for him, · 
owing to along course of electrical treatment before his admission to the hospital. ' 
The movements, in other words, gave him the sensation of active muscular 
contraction alone. . 

. Posterior to the central fissure, over an area roughly corresponding with the 
. upper two-thirds of the exposed postcentral convolution (fig. 1), stimulation, with 
the same strength of current used to elicit the motor responses from the pre- 
central gyrus, led to а sensation in the hand, arm and little finger—echiefly in. 
the little finger—which was said to be exactly akin to the sensation that 
inaugurated his attacks. Stimulation ower down on the postcentral gyrus 
occasioned a sensation of warmth in the arm, but this was rather vague and 
indescribable. " 

It is to be noted that thereewere no painful sensations whatsoever, and 
further, that stimulation of the field in front of the motor strip and back of 
the postcentral convolution elicited no movements or sensations whatsoever, and 
the patient seemed to be unaware of the application of fhe electrode. : 

On elevating the upper edge of the dura at the point X (fig. 1) and placing 
the electrode there, an attack precisely similar to his usual attacks, inaugurated 
by the same sensory disturbances and followed by the customary abduction of 
the arm and arching of the body to the side, was produced. This lasted but 
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a few moments, aud was not followed by a general convulsion nor by loss of 
consciousness.’ . 

In the light of these observations, a number of small vessels crossing the 
postrentral gyrus were doubly ligated and an exploratory excision 3°5 cm. in^ 
length was then made between the ligatures (fig. 1) and carried down to a depth 
of about 2'5 ém., unfortunately without disclosing any lesion. The procedure 
was practically bloodless, and the edges of the incised pia-arachnoid were ` 
subsequently approximated with three delicate split silk sutures. No sensation 
<yhatsoever accompanied the making of this deep exploration. 

The dura was reclosed, the bone-flap replaced, and under a коа primary 
«hloroform anesthesia the scalp was quickly resutured. a 

Case 9. History.—An intelligent man, aged 44, began to suffer in August, 
2907, with attacks of Jacksonian epilepsy of obscure origin. These attacks, 
beginning in and often limited to the right hand, were trifling at first, but 
soon became moré numerous and more severe. They were usuallv precede 
ту an uncomfortable numb feeling i 
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tilting of the head to the right. During the seizures, even of this degree of 
severity, though confused and unable to respond when questioned, he would not 
lose consciousness. On a few occasions, however—six in all—a severe general 
convulsion has occurred, in which the inaugural sensory disturbance has passed 
down the side of the body before consciousness was lost.) 

His history otherwise and the physical examination were practically 
negative. MM 

Operation (first stage, December 8, 1908).—The patient took his anesthetic 
badly, and, owing to the attendant cyanosis, an unusual amount of blood vas 
‘ost while elevating the large osteoplastie flap. It consequently was deemed 
>est to postpone further measures to a second sitting, in the hope that with the 
patient unanesthetized the dura might be opened and the suspected leson 
sought for by cortical stimulation in case its situation was nob immediately 
apparent. ^ Я . 
Overation (second stage, December 14, 1908)—After the administration 
eee anesthesia from a few inhalatigns of 
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In order to be assured of the exact convolution from which these sensory 
т Eponses occurred the gyrus lying anterior to the large vein was then touched 
avout in the middle of the exposed field and opposite to what appeared to be 
а -ossible middle genu; a prompt flexion of the thumb into the palm of the 
laad followed this stimulus. The movement was unaccompanied by any 
s-usation other than that of change of position of the thumb, which the 
rasient promptly appreciated and described. In other words, there seemed to 
be no associated cutaneous sensation. 

This latter observation was sufficient to certify the position of the fissura 
esatralis (Rolandi), and although no further points on the precentral gyrus 
vere subsequently stimulated, this same movement of the thumb was elicited 
asa control several times during the course of the later observations. 





The precentral and postcentral gyri having thus been identified, the outlying 
coavolutions were “ coursed”’ in order to see whether any subjective sensations 
czsurred from stimulation of other than the postcentral gyrus from which the 
ssasory impressions had first been obtained. Thus the crests of all of the 
eosed convolutions, at about the points marked by small circles in the sketch 
(44. 2), were stimulated, with the elicitation of no sensory and, needless to say, 
C? no motor responses ‘whatever. Occasionally, in order to be sure that the 
crrent was sufficient for reaction, the primary stimulation of the area giving 
seasation of the index finger and of that giving movement of the thumb was 
y23eated. 

In coursing the exposed portion of the hemisphere as described, the operator 
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finglly touched, the point V, which immediately led to a curious, long-dràwn, 


ho&rse inspiratory sound, evidently due to ‘closure of the glottis; this was 
followed by a general convulsion, the first observable evidence of which was 
a drawing-down of the right platysma and‘ corner of the mouth, with depressior 
- of she chin and separation of the lips.’ А Е 
Apprehensive lest 2 possible repetition of this unexpected convulsion might 
occur, and, from cyanosis and protrusion of the exposed cortex, occasion some 
damage, the operator desisted from further stimulation, although the exact area 
wh:eh occasioned the inaugural sensation of fhe patient’s seizures had not been 


located. . 
At this juncture the administration of chloroform was resumed, and, under 


the anssthetie, the upper and mesial edge of the postcentral convolution was 
moze fully exposed by ronguering away a further portion of the skull at the 
uprer edge of the cranial opening. This permitted an upward enlargement of the 
dural opening, as shown in fig. 2, and a lesion of the postcentral convolution, 
which was thought to be irremovable, was thus brought into view. 


COMMENT. 


These observations seemingly add confirmation to the view which 
ascribes a sensory function to the gyrus centralis posterior, but beyond. 
this I shall make no endeavour to interpret their significance. Just. 
what relation the afferent intpulse bears to a motor response ; just how 
stimulation of this supposedly sensory field is interpreted by the subject 
as sensory; why the motor response from stimulation of the gyrus 
centralis anterior occurs without any primary afferent impression, but- 
only with the:secondary consciousness of the movement—these and 
many other questions that arise are matters rather for the psychologist. 

16 is, perhaps, noteworthy that the sensations which were obtained 
‘were limited entirely to the hand and arm; and whether this means 
that there is an especially wide cortical representation for afferent 
impulses from this region, or whether these patients, owing to the 
characteristics of their seizures, poefessed sensory centres from hand 
anc arm which were unduly excitable, is. difficult to tell, and will 


need further elucidation. А 
It is noticeable, in the last*case, that the lesion which occasioned the. 


‘It has seemed to me probable, from other experiences in the past, that the cortex in 
cases of epilepsy 1s more excitable than the cortex of non-epilepties; m the former it is 
traditionally easy, in fact, to occasion, even under anæsthesia, a Jacksonian fit which may 
run into a general convulsion. No apprehension, however, of this possible consequence of 
stinrulation was felt in this particular patient, as such a weak current was being used. The 
numerous, rapidly executed and repeated stimulations of the seemingly non-excitable areas of 
the 3emisphere may possibly have had an accumulative effect, so that when again approach- 
ing the lower part of the precentral convolution (Horsley’s vocal-cord centre) the response to 
the stimulus was much more pronounced than was anticipated or was desirable. Ў 
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seizares was found to lie higher on the postcentral gyrus than the areas 
whish had been stimulated, so that presumably responses from the hand 
wc-id have been brought about by stimulation there, just as they had 
beex from a lower level of the convolution. 1% is possible, too, that the 
pa &nt's attention in each case may have been so concentrated upon 
the affected’ hand that sensory impressions. arising from leg, body and 
face passed unobserved. The fact that the sensations in the first case 
wes precisely the same as those characterizing the aura of the patients” 
secures would lend support to this view ; but it was otherwise with the. 
se«end case, for in this patient, though sensations occurred in the hand, 

thy were other than those characterizing the inaugural stage of the fit 
ar occurred over different skin fields. 


SUMMARY. 


Two patients; afflicted with epileptic attacks inaugurated in each 
ins ance by a sensory aura in the right hand, offered unusual oppor- 
turcties, » related, for cortical stimulation while in а conscious state 
dcnng а-“ second-stage” operation. 

In both of them the situation of the central fissure was determined 
br obtaining characteristic motor responses from the precentral gyrus, 
tbese motor responses being attended by*no sensation other than that of 
tke forced change of position which accompanies similar movements 
eLvited by stimulation of a peripheral nerve. 

On the other hand, in both of these patients stimulation of the post- 
ceriral convolution gave definite sensory impressions which were likened 
ir one case to a sensation of numbness, &nd in the other to definite 
tectual impulses. 

In both of the patients, furthermore, stimulation of the сайыш 
ceavolutions gave no response whatsoever, either of а subjective sensa- 


tin or of active movement. е. 


ON CERTAIN CASES OF ACUTE TREMOR OCCURRING IN 
CHILDREN. 


BY REGINALD MILLER, M.D.LOND., M.R.C.P. 


Phy ysician to Out-Patients, Paddington Green Children’s Hospital . 
Medical Registrar to St. Mary's Hospital. 


Havine no pathological evidence to bring forward as to the nature ct 
these cases, they have been described in the title in strictly clinical terms, 
the phrase "acute tremor” being used for the sake of brevity and to 
кише the analogy between this condition and that named by Leyden 

“acute ataxia” (now attributed to encephalitis cerebelli). This latter 
consideration is not unimportant; for I believe, for reasons to be given 
later, that the cases here detailed are examples of encephalitis of the 
mid-brain and its connections. 

The tremor which, witk its acute onset, is characteristic ‘of these 
cases, corresponds exactly wite that described by Gordon Holmes (2) 
as associated with destructive lesions occurring in the cerebello-rubro- 
spinal system. It is a slow, regular tremor which at its worst is con- 
tinuous except during sleep, although increased by voluntary movement, 
. and which when less severe shows itself only on voluntary movement, or 
during periods of excitement. It may be universal in the head, tongue, 
and muscles of the trunk, abdorhen, and limbs, and it is sometimes more 
definite in the proximal than in the peripheral parts of the extremities. 
In some of these cases the appearance of the child is very life that of - 
one shivering all over from cold. „ёп rate, the tremor is about five 
oscillations per second. Combined with the tremor is hypertonus, giving 
to the limbs some degree of ugelessness, and rendering their movement 
slow, stiff, awkward, and this in the absence of true spasticity. There is 
little or no loss of power. In addition, there may be other signs present 
from the involvement of the parts of the brain in the immediate neigh- . 
bourhood of the cerebello-rubro-spinal system, or«from the presence of 
other foci of disease elsewhere in the-central nervous system.. 

The important points, therefore, in these cases are three in number, 
the acute onset, the tremor and the hypertonus, the last two differen- 
tiating the condition from cerebellar encephalitis in which ataxia and 
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hrpotonus are found, with the possible additions of nystagmus and 
scanning speech. 

Where these cases have been reported, as by Batten [2], they 
here been grouped as cases of cerebellar encephalitis, but it would 
appear that they warrant separation from these, a view which I put 
forward in a paper concerning encephalitis [3], and which is also 
hell by Poynton [4] in a communication in which two such cases are 
de=cribed, one of which is Case З of this series. 

The cerebello-rubro-spinal system consists of two parts—the cere- 
belo-rubral and the rubro-spinal. In the former the dentate nucleus of 
the cerebellum is connected with the red nucleus and optic thalamus of 
th= opposite side by the superior cerebellar peduncle; in the latter the 
rel nucleus is connected by the tractus rubro-spinalis (Monakow’s 
brndle) with the opposite side of the spinal cord. In the pons Monakow's 
bundle passes close to the nucleus of origin of the seventh cranial nerve. 
Ir shis system, therefore, are two decussations, each of which occurs in 
the immediate neighbourhood of the red nucleus, the superior cerebellar 
pe=uncles crossing before entering the nucleus, and. Monakow's bundles 
crossing after leaving it. From this it follows that if the tremor be due 
to destruction of any part of the system, the movement will be on the 
same side as the lesion, unless the red nucleus itself or its immediate 
su-zoundings be involved, in which case it will be on the opposite side. 

It will be convenient now to give an account of the clinical histories 
of the cases, but before doing so I must express my indebtedness to Dr. 
Vceleker, Dr. Colman, and Dr. Poynton for permission to use the 
pas ents I watched when Medical Registrar :о the Hospital for Sick 
CHidren, Great Ormond Street. My thanks are also due to the Casualty 
Мз іса! Officer of that hospital, Dr. L. б. Parsons, for his kindness in 
allowing me to see the last patient here reported, which was brought up 


to Lis department. А 
° 


CASE 1. 


3. d. P., a boy, aged 25. 

story of illness. —In the first, week of October, 1906, the child, when 
sected at table, was noticed to go suddenly "all of a heap," with his mouth 
drewn to the left. He was unconscious, and remained so for three weeks, 
altiough he was very frritable when disturbed. His limbs were observed to 
tremble. After three weeks he regained consciousness and was found to have 
loss his speech. He lay helpless in bed, with the shaking movements continuing 
all the time except during sleep. He was admitted to the Hospital for Sick 
Ch.kdren, under Dr. Colman, on November 12, 1906. 


' 
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Past history. —Had always been a very healthy child; and had learned to 
walk and talk well. 

Family history.—The patient was the elder of two children; the other 
is well. The mother had no miscarriages and there was nothing of importance 
in the family history. 

On admission (November 12) .—The child was very well MT showing 
only slight bony signs of rickets. Apart from the nervous system no abnormal 
ties were present. 

Mentally the child was very irritable, although probably not in pain, and 
was extremely emotional. He cried very loudly, and would change from ths 
into laughter, which was excessive and hysterical, resembling that of a child 
being tickled. He made no intelligible efforts to speak, but appreciated 
' naises and things to eat. No diminution of emotional expression could ba 
detected. 

Tremor was seen in the head, tongue, trunk, and all four limbs. It was 
present except during sleep, but it was increased on voluntary movement. In 
the limbs it was more marked in the proximal than in the distal parts. In tha 
-hands it was а slow rhythmic tremor of about five per second. The whole 
appearance of the child was like one shivering from cold. In addition tha 
voluntary movement of the limbs was performed slowly and stiffly as in 
а case of paralysis agitans. On the right side there was possibly some spasti 
rigidity. | 

Examination of the cranialenerves showed that there was some affection af 
the sixth and seventh nerves on tle right side. The others appeared normai. 
The optic dises and the tympanic membranes were normal. 

The reflexes showed little change. The, right abdominal reflexes wers 
absent, the left being just obtainable. The pupil, corneal and palate reflexes 
were normal. The tendon reflexes were brisk and equal on the two sides, and 
the ‘plantar responses flexor. The jaw-jerk was active. There was reflex 
incontinence of urine. ' 

Course of disease.—The child "was Seen at intervals for eighteen months. 
During the first weeks the evening temperature was slightly raised, as is seea 
in recent cases of acute polomyelitis. А month after admission the cranial 
nerves and the abdominal reflexes hadebecome normal and the tremor less 
marked, so that it was present only on voluntary movement. The hypertonus 
was still evident. A month later he was able to walk a little. 

During the rest of the time Blight further improvement took place. By 
March, 1908, all signs of the tremor had disappeared, but the movements cf 
the limbs and of the head were slow and stiff. He was able to walk very 
fairly well by this time. Mentally, he had made practically no improvement at 

all He was a little quieter, but quite idiotic. He still laughed and criel 
hysterically, was extremely greedy, dirty in his habits, and made no mioluaible 
effort to talk. 
. In February, 1908, he had three generalized convulsions which were not 
followed by any observable deterioration. In May, eighteen months after the 
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orset of the illness, he had a severe fit which proved fatal No post-mortem 
examination was possible. 

Localization.—Hrom the affection of the sixth and seventh nerves on the 
ri ht side, the general tremor and great emotionalism, we may surmise that the 
leion was an extensive one involving the mid-brain and pons. But in addition 
it may well be that the cerebral cortex sustained some damage, which view 
тазу be supported by the prolonged unconsciousness at the time of the onset, 
ths profound mental change, and the later development of epilepsy. 

(This patient was shown by the writer as a case of encephalitis, chiefly 
afecting the mid-brain, at the Clinical Society, April, 1907.) 


CASE 2. 

L. S., a girl, aged 5t. 

History of illness.—On August 3, 1907 she complained of pains in the back 
ard limbs and could not put the heel of the left foot to the ground On the 
ness day “shivering” of the right hand was noticed and she was unable to 
w lk. She had no apparent feverishness, no convulsions, but talked ın her 
sk ep at night and seemed drowsy. She was kept in bed for a week. Only 
51:96 improvement was made until she was admitted to the Hospital for Sick 
Children on August 20, under the care of Dr. Colman. 


hevog Та 


A Specimen of the Handwriting of L. S., aged 63 years, 
16 months after onset of illness (Case 2). 


Past history —Had always been a big, strong child. Had measles five 
months ago and whooping-cough previously. 

Family history —Only child; the motherehad had no miscarriages. Both 
peternal grandparents died of consumption. Maternal grandmother and uncle 
01-4 insane, at the ages of 62 and 29 years respectively. Parents healthy 

On admission (August 20, 1907).—' The child was well developed and 
ncurished. She was irritable and er& when disturbed; her memory and 
speech were good. When sitting up the head tended to assume the cerebellar 
at itude, the right ear approximating to the right shoulder and the face turning 
to tne left with the chin raised. There was slight lateral nystagmus to right 
arcl left, none vertically. The gait was very ataxic and the child could not 
wzlk alone, falling backwards. The left limbs showed ataxic movements in 
bch arm and leg. On the right side there was no ataxia, but tremor and 
hypertonus, the tremor being of the intention type and the voluntary move- 
m mts of the limbs being slow and stiff. The cranial nerves were normal and 
ths deep reflexes brisk, but rather less so in the left than in the right limbs. 
ТІ еге was no evidence of involvement of either pyramidal tract. 

Course of «llness.-—Very vapid improvement took place. The child quickly: 
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bezame docile and quiet. Within а week the ataxy and the tremor diminished 
considerably, and within a fortnight she could walk unaided. A month later 
she could walk and run well, but some little. ataxia showed itself. in the left 
leg when she tried to kick a ball on the ground with the left foot. By ihis 
time the tremor had quite gone from the right leg, but was still just recognizable 
in the right hand. 

' In December, 1908, sixteen months after the onset of the.illness, the child 
still showed a very slight tremor in the right hand when trying to do any fine 
action with her arm unsupported, but she was able to feed herself perfectly 
well. À specimen of her handwriting at this date shows how very slight was 
the tremor with her arm supported, The movement is at its worst when she is 
weakened from sleep, or when she is nervous. Mentally she was perfestly 

‘normal, and she appeared very strong and healthy in every other respect. 

Localization.—EHrom the presence of the ataxia on the left side, the core- 
bellar tilt of the head and the slight nystagmus, it may be supposed that the 
lesion was in the cerebellum, and that the tremor on the right Sides was due to 

' the involvement of the right dentate nucleus. 


CASE 3. 


A. C., a girl, aged 18 months. 

History of illness——The mother stated that the child had been seized with 
convulsions five weeks previotisly (4.е., the beginning of August, 1908), and thas 
' these had continued occurring several times a day. After four weeks the caild 
seemed slightly better for two days, but then relapsed, being convulsed and 
unconscious. Something wrong with the ' eye had been noticed for the lass 
month. There had been no gastro-intestinal disturbance. 

The mother was an Italian and could speak but little English, and I think 
` that the history given may be correctly interpreted thus: that the child was 
seized suddenly with an illness in which movements of the limbs were presant, 
and that for the first week the child was unconscious or very drowsy, and' as 
th:s condition passed off the squint was noticed for the first time. , This view 
of the history is supported by the fact that the child when first seen was 
neither convulsed nor unconscious, eS the mother had stated. She was 
admitted to Dr. Voeleker's ward at the Hospital for Sick Children, under 
tha care of Dr. Poynton. : 

Past and family history. Nott was noted on these points except ‘thas 
the parents had had no fits. 

On admission (September 7, 1908).—The patient was a very fat child, show- 
ing rickety changes of the head and chest. She was conscious and was поз 
irritable. The pupils were small, reacted poorly to light, especially on the righs 
sice, but dilated well under atropine. There was complete paralysis of the righs 
ex;ernal rectus, and there was definite weakness of the right side of the face, the 
. вуз not closing completely on this side. There was some doubtful weakness oi 
' the left external rectus. 
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The tremor was constantly present, except during sleep, in the head, trunk 
znd lanbs, being most definite in the lower extremities and least definite in the 
геас. It was increased by voluntary movement and was in every other way 
Amizr to the rhythmic movements described in the other cases. It was very 
aitfiadt to say that there was any definite hypertonus of the limbs. There was no 
bss > motor power. The reflexes were unaltered; the abdominal reflexes were 
:1l ро sent, the knee-jerks brisk and equal, and there was no ankle-clonus. On 
zitenoting to elicit the plantar responses, voluntary movements of flexion were 
zotaxed. Lumbar puncture was performed on September 9, and clear fluid 
was 22tained, which was sterile and showed no deposit or clot, and in which no 
calls œ organisms were found. 

Curse of rllness—During the next week there was a good deal of improve- 
zent the tremor becoming less and showing only on voluntary movement. 

Lcrmlzatwn.—RFrom the affection of the sixth and seventh cranial nerves 
cn t= right side, the lesion, or part of it, may be thought to be pontine. 


CASE 4. 


L E., a girl, aged 93. 

Eg-tory of éliness.—On October 24, 1908, the child suddenly became very 
zow: and passed rapidly into an unconscious condition. There was no con- 
—lsicr. She remained unconscious for four days. The tongue was noticed to 
tremkls from the first day of the disease, but no*tremor was seen in the limbs 
w til sae child sat up towards the end of thefirst week, when it was observed 
iz the read-‘and left limbs when voluntary action was undertaken. The move- 
irent vas described as giving an appearance of “shivering.” The squint and 
fazial veakness were not noted. Rapid improvement had occurred. She had 
bz»ome greedy and was very noisy at night. During the last week she has 
bzzun zo try to talk again. 

Peg history.—Physically well, but was described as being backward in her 
tikin; and always passionate and “ spoilt.” Habits not clean. Was said to 
hove Led convulsions at birth and at 6 weeks of age; no fits since then. 

Newmber 10, 1908.— Was seen as an out-patient at Paddington Green 
Child's Hospital seventeen days affe: the onset of the illness. She was 
fc-nd 32 be a strong, well-developed child. She was extremely passionate and 
iictabe, and cried very loudly under examination; but there was no hysterical 
lacshte , as in'Oase 1. There was weakness of the left external rectus and of 
tle lef. facial muscles, the eyelids not being well closed on this side. Slight 
trmo vas seen in the tongue, in the left arm and leg. In the hmbs it was 
эг у p esent during volitional movement. Owing to the tremor in the legs she 
2culd ect stand, but there was no actual loss of motor power in thé limbs. The 
vcantzry movements of the affected lunbs were slowly and stiffly performed. 
& гаг 1s соша be made out, the reflexes were unaltered; it was impossible to 
tes th:. abdominal reflexes owing to the child's behaviour. 

Corase of tliness—When seen a fortnight later she was much more docile. 
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The cranial nerves and the left arm were normal,but the left leg showed slight 
sremor still, although she was beginning to walk alone. The abdominal reflexes 
"ere normal. 

Within six weeks of the onset of the disease the child appeared to be 
perfectly well, walking, sleeping, and behaving well She was said to be using, 
more words than before her illness. . 

Госађғганот. —1 is probable that in this case there was a small lesion 
involving the sixth and seventh cranial nerves and the rubro-spinal (Monakow's) 


` tract in the left side of the pons. 


` CASE 5. 


W. W., a boy, aged 1%. 

History of ?liness.—At the end of July, 1908, he suddenly began to scream 
violently, and appeared frightened, holding on to a chair. He was pacrfied 
after a few minutes, and as he got very drowsy he was put to bed. The next 
day continuous trembling was noticed in all the limbs. From this time he was 
unable to walk, he lost the few words he had learned, and became very ncisy, 


~- nervous, and greedy. The trembling continued, but became gradually less. 


Past héstory.—Was a strong child, good tempered, able to walk, and was 
beginning to talk before his illness. No other diseases. ` 
` Family history——Ihe child's mother, had always been very nervous and 
“ hysterical,” and had lately developed epilepsy. She had had no miscarrisges. 
Father strong. One other child, aged 8, well. 

November 28, 1908.—When first seen, four months after the onset of the 
disease, he was found to be a strongly-built child, and very fat. He was very 
noisy, crying and laughing hysterically. He could not talk at all, and was 
mentally deficient and greedy. The tremor was seen in the limbs, showing 


only on voluntary movement; in the legs it was sufficient to prevent his 


standing. The movement of the limbs was slow and stiff in character. ‘There 
was some jerky movement of the head and eyes, but no tremor or nystagmus. 
The cranial nerves and the reflexes were normal. 

Course of «llness.—A fortnight later he was a little quieter in his'behav-our; 
the tremor was less, and the child was beginning to stand with assistance. 
There was no mental improvement. There had been no fits. 


- * Localization.—Part of the lesion may be supposed to be in the mid-brain, 


involving the red nuclei. * 


[s E CASE 6. 


A. Q., a boy, aged 15 months. 

History of sllness.—On October 19, 1908, the boy Was put to bed well and, 
although he slept with his mother, nothing : was noticed until the morning, when 
he was found to be very drowsy and to be “shivering” all over, but the limbs 
were not paralysed. No fits were seen, nor was the boy unconscious. The move- 
ments very rapidly got better, but the child was not able to walk for about a 
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юги on account of the trembling of the legs. A week after the onset of 
the iEness the right arm became useless, and hung down by the side. This 
paralzsis was not a¢companied by any constitutional symptoms, and was first 


f , aotic:d one morning after the child had had a normal night's rest. 


Fist history—Had always been a fairly strong child, but was subject to 
attac=s of vomiting. Had no previous illnesses except these bilious attacks. 

Fumily history—Only child. No neuropathic inheritance could be traced. 
No cuses of infantile paralysis were known of in the neighbourhood. f 

January 29, 1909.— When first seen he was found to be a strong, fat boy, 
zhowng no trace of the tremor deseribed by the mother. He was able to walk 
vell, and could вау more words-than before the.illness. No mental impairment 
соша be found. The right arm was paralysed, and hung flaccid at the shóulder. 
Ther: was slight power in the fingers of the right hand. According to the 
znoíler's statement, practically. no improvement had taken place in tho 
sondiion of this arm. . 

Icalizatwn.—1t would appear that a slight lesion had occurred somewhere 
д ths cerebello-rubro-spinal system, and that there had been a relapse a week 
-ater (the usual time for a relapse when such does occur), affecting the cervical 
anlarzement of the cord. 


ETIOLOGY. 


K is necessary here to,submit the clinical evidence which supports the 
zontention that we are dealing with cases of encephalitis, using that term 
as irdicating a disease of the brain similar to that which is known as 
acute poliomyelitis when it affects the spinal cord. In Case 6 we have a 
apin.l lesion of the acute poliomyelitis type, occurring as a relapse in а 
zhilc who had developed tremor a week previously. But apart from such 
avidsnce as this, acute poliomyelitis has certain well-marked character- 
istic. which should be reproduced in polio- encephalitis with Some modifi- 
zaticn, and these points may now be considered. ; i 

(a The child who is: attacked by poliomyelitis is very frequently 
the strong and fat, the delicate gnd thin children being notably 
· sparsd. This rule held good-in the sif cases here reported, as is has in . 
all ether cases of encephalitis that I have seen. (b) The seasonal * 
incicence of these cases corresponds to that of acute poliomyelitis, one 
‘being in July, two in August, and three in October. (c) The age-incidence, 
frois 18 months to 53 years, corresponds exactly to that at which the: 
spinal disease is commonest. (d) The amount of constitutional disturb- 
ance at the onset of the disease is very variable, as in poliomyelitis, 
although it is natural to suppose that convulsions and unconsciousness - 
are ikely to be of more common occurrence. , In Case 1 the child was 
taken ill with a convulsion and was said to have been unconscious for the ` 
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. following three weeks, while in Case 2 there was no fit; апа only slight 
drowsiness was observed. (0 In poliomyelitis the onset is acute and 
the harm done reaches a maximum within a few hours; anything like 
. weakness becoming gradually an absolute paralysis is not seen. бо, зоо, 

‘in these cases the disease is acute and its effects complete and absolute ; 
but here care must be taken in examining the clinical history of the ill- 
ness, for the same difficulty: is experienced as has been found in dealing 
with cases of cerebellar encephalitis. Should the child be drowsy or 
unconscious the tremor may not be seen or may be regarded as signifying 
a convulsion, so that one may hear that the trembling came on some days 
after the onset of the illness. This possibility is well instanced in Case 4, 
in which the mother stated that the child was unconscious for tour 
days and when sat up was seen to have shaking of the limbs. With 
questioning, however, it transpired that the tongue was seen to tremble 
when the child was fed on the first day of the illness. ( Р As in palio- 
myelitis, the tendency of the disease is towards improvement or total 
recovery, while relapses are very exceptional. (g) Examination of ihe 
cerebro-spinal fluid was negative in the one case in which it was uncer- 
taken (Case 3), as it is in spinal cases. 

In none of the cases here reported had the disease been preceded by 
one of the acute specific feverg of childhood within three "months of the 
date of onset, а point which has been noted before in dealing with 
encephalitis and which by some has been used as an argument against 
ihe condition being the same disease as poliomyelitis. In my experieace 


such a sequence in true cases of acute poliomyelitis is by no means so | 


common as some have seemed to imply. 
It may be pointed out, without comment, that in the five cases.in 
which it was possible to get a true family history two showed a strong 


neuropathic taint, while the third child was described as spoilt and ' 


passionate and suffered from поста! enuresis. І do not think that 
any such association has bopi noted in cases of acute poliomyelitis. 


a ERE ae 


"The acute onset, the tremor and, hypertonus are the important ` 


characteristics of this group of cases, and have been sufficiently 
leseribed above. ] . 


! In order to substantiate this point I have examined the records of the Hospital for Sick 
Dhildren for cases of acute poliomyelitis whose onset occurred in 1906, Of these I found 
Afteen, and in only опе was there a history of an acute specific fever within three months of 
she paralysis, while eight had never had апу of the éxanthemata at any time. The ae 
neidence of these cases was August 5, September 6; October 3, November 1. 
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In addition, there may be other signs due to Sarkana of some 
part of the’ nervous system other than the cerebello-rubro-spinal tracts. 
Thuz the anterior horn-cells of the spinal cord may be affected (Case 6), 
or the cerebellar involvement may produce ataxia (Case 2), or the sixth 
and seventh cranial nerves in the pons may be damaged (Cases 1, 3, and 
4). Excessive emotionalism’ was present in- Case 1, and to a less extent 
in Cases 4 and 5, and may perhaps be regarded as being produced by 
damage of the optic thalamus. Mental deterioration (Cases 1 and 5) 
appears to be a serious symptom, and if present may. perhaps be thought 
to be due to an assóciated polio-encephalitis superior, involving the 
trontal areas of the cerebrum as has been described by Batten [1]. 
Hemiplegia may occur, with the tremor displayed on the paralysed side, 
' or a third nerve paralysis. 


Diaenosis. 


This naturally falls under two headings: the character of the lesion 
and its localization. ' 

з is not maintained that all cases of acute tremor are to be regarded , 
as due to polio-encephalitis, but only that certain of them may be placed 
in fitis- group. The diagnosis can.to a large extent be made by the 
exclusion of, other possibilities, but thoge etiological factors already 
mentoned—the type and age of child, the season of the year, the ` 
character of the onset, and the course of the disease—may be of use in ` 
settling the matter. The cerebro-spinal fluid shows no abnormalities. ` 
"The most likely causes, apart from polio-encephalitis, are a tubercu-, 
lous tumour or a thrombosis due to syphilitic endarteritis. . 

Of the former I have seen one example, the tremor being seen 
durimg the first few days in a case of tuberculous meningitis, and being 
due to a small mass found after death in the dentate body of the cere- 
bellum. In such a case the child, alébough it may recover, is generally 
far from well nourished and robust; there may be signs of tuberculosis 
elsewhere, optic neuritis may be present, and the cerebro- -spinal fluid 
"will show an'excess of lymphocytes. І have seen no case in which the 
tremor could be said to-be due to a syphilitic thrombosis; but judging. 
by what occurs where ‘other parts of the brain are affected, the diagnosis 
should be clear by the presence of signs of inherited syphilis (par- 
ticularly in the eye-grounds), and the possible warning convulsions or 
= fainting attacks." Неге, again, lymphocytes would be present in the : 
cerebro-spinal fluid, 

The localization of the lesion has been discussed. The tremor and 
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hypertonus distinguish these cases from the true cerebellar ones which 
show ataxia and hypotonus. The part of the cerebello-rubro-spinal 
system attacked is diagnosed by the кое signs if such are 
present. - 


PROGNOSIS. 


There is a general tendency towards improvement. In all six cases 
the tremor rapidly diminished, and in a few weeks or months became 
inappreciable. Similarly the cranial nerve paralyses disappeared. Of 
far more serious import is the mental deficiency, which may remain 
after the acute attack is over, and which, where it was present in thase 
cases, remained Dopod. In one of these' epilepsy developed end 
proved fatal. 
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CHAPTER Ie 


Introductory. 


Tuts paper is based entirely on the clinical records of patients 
adn_itted to the National Hospital -between the years 1900 and 1907. It 
includes the cases of cerebral tumour admitted to the hospital during 
thoe years in which the diagnosis was confirmed either by post mortem 
or оу the operative removal of the tumour.. The work of summarizing 
these records was suggested to me by Mr. Marcus Gunn, and I have to 
thaak him and the staff of the National Hospital for the ready permission 
thas they granted me to utilize their most valuable records. I have 
specially to thank Mr. Gunn for his constant kindly éncouragement and 
advice during the somewhat tedious task of abstracting and summarizing 
abcut 400 cases in all. Much of the value of the paper depends on the 
fulness and accuracy of his notes of ophthalmoscopic observations made 
from week to week orf his visits to the hospital. Many of these patients 
I saw along with Mr. Gunn and was able to watch from day to day; | 
for the ophthalmoscopic notes in some cases edad while he was on 
his holidays I alone am responsible. 
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The worth of any statıstical paper must rest to an equal extent on 
the care taken in making the original observations ‘and on the method in 
which the statistics are used. In certain portions only of this'paper are 
the numbers sufficiently large to justify the use of percentage values. If, 
for the sake of completeness, I have given percentages in other places 
where the numbers are smaller, I have been careful at the same time to 
give the actual numbers. And I hope that, apart from any value the 
paper may have in itself, it Will be of use to some future worker seeking 
to collect a very much larger number of cases from the literature of this 
subject. А 
The value of any conclusions I have formed will vary proportionately 
to the number of cases on which they are based. At best, any clinical 
statistical paper is of utility only in suggesting hypotheses on which to 
base experimental or histological research, and I hope that certain lines 
of work which this paper indicates may prove productive of more definite 
results, either in my own hands or in those of some other worker in the 
same field. 

The classification of tumours as belonging to differerit regions of the 
brain has been a matter of some difficulty, and must be, to a certain 
extent, arbitrary. 'I have endeavoured, as far as possible, to classify each 
tumour in the region to wich it most properly belongs. But tumours 
frequently stray outside the Boundaries by which we separate different 
cerebral lobes from one another. The greatest difficulty in this respect 
has been with the class of tumours which are generally known as 
subcortical. Cortical tumours are not restricted to the cortex alone any 
more than deep or subcortical tumours remain confined to the under- 

lying white matter of the brain. Many of these latter, on the One hand, 

' invade the overlying cortex, qr, on the other hand, extend to the basal 
ganglia, and in some cases it is a matter of difficulty to judge whether 
one is justified in dealing with them as subcortical tumours. On the 
-other hand, there are one or tw® "rumours classified as occupying the 
precentral and postcentral regions which in all probability had originated 
deep in the white matter, amd involved the cortex secondarily, but to 
such a great extent that they had to be classified as cortical tumours. 


This topographical diffuseness of tumours involves а certain amount of ' | 


-ooseness in classification, but I do not think it invalidates in any 
essential manner the arguments I have based on this series of cases. 

It must be pointed out that certain factors, independent of the optic 
' neuritis itself, have an important influence on clinical observations, such 
as are recorded in this paper. Тһе ‘1005 important of, these factors is 


" 
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the duration of the patient's life after the appearance. of the disc-changes. 
W-th certain tumours, e.g., in the frontal lobe, the patient may live for 
menths or years; while tumours of other regions, such as the fourth 
veatricle, very quickly terminate in death. Further, craniectomy has a 
vezy important influence on optic neuritis, and this operation is performed 
wih varying frequency and at different periods according to the site of 
the tumour, e.g., cerebellar tumours nearly always undergo operation, 
rolandic tumours are usually operated on early, while pontine tumours 
very seldom come into the surgeon’s hands. These different conditions- 
hare been taken into consideration, as far as possible, in the conclusions 
sta ed in the paper. ' 

“Phe complaint may be made that in the following paper I pay little 
or ло attention to the work of other writers on this subject. . My reason 
for not doing so may be very briefly stated. This paper is entirely 
clinical, and the statements made in it are based on observations on a 
par icular series of-cases. The number of, cases is not as large as might 
be cesired, but they have been very carefully observed, and what I have 
sought to do is to form for myself from thése cases as clear a clinical 
pictare as I can of optic neuritis as it occurs in cerebral tumours. It is 
that picture which I desire to place before my readers, and, though 
crits may find fault with the perspective or the proportions, I would 
ask shem to realize that in depicting it I have striven to keep myself as 
ree as possible from the bias of preconceived notions or authoritative 
' beacımg. i 


CHAPTER II. 


The Talne of Ор Neuritis in, Tumours affecting Different Regions 


of the Brain. 
The 200 cases on which the ‘paper is based fall into the following ' ` 

zrou»s :— "e 

>recentral ' ue $i .. 80 Extra-cerebellar ... 19 
Zosbcentral is vase 925 ~ Pontine ONE Lox NES 
Cemporo-sphenoidal eA aa. 19 Third Ventriele ... oad te cesso iik 
Deep эт Subcortical EN .. 82 Fourth Ventricle ... 5 
@ptic Thalamus and Mid- brain... . 18 Pituitary ... : 2 
Cerebellar... Vs met s 38 Multiple 7 


Party of these’ 200 cases (exactly 20 per ath showed no optic 
rsuriis at any period in their history. up to the time of death or 


ooeraive cure. Of these forty cases, however, there were four in which ' 
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& primary or pressure atrophy of both nerves occurred. The develap- 
ment of this condition was in each case due to the direct pressure of the 
tumour on the chiasma. In two the pituitary body was the site of the 
tumour; in the third the tumour grew from the floor of the third 
ventricle, and in the fourth case (No. 25) the tumour originated 
from the under-surface of the frontal lobes. In each of these cases fihe 
atrophy developed without any preceding or accompanying. edema of 
the nerve head, and in all the loss of vision was very marked znd 
preceded the paling of the discs. This was specially notable in the case 
(No. 25) of frontal tumour. i ` 

In this connection another case of frontal tumour may be cited (No 1) 
in which the right lobe was invaded by a tumour which extended up 
from the orbital surface and also downwards and backwards, involving 
the tip of the right temporo- sphenoidal lobe, compressing the right 
optic nerve, the right side of the chiasma and the right optic tract. 
- There was definite left hemianopia, but moderately good central vision 
in the left eye, though central vision was absent in the right eye. The 
right optic disc was normal in арреагапёе, though there was a tinge of 
red in the upper part of the disc which might be taken to indicate com- 
mencing capillary congestion. The left optic dise showed. intense aptic 
‘neuritis with much greyish opacity stretching all round and over the naigh- 
bouring retina for some distance, one or two hemorrhages on each side, 
and a swelling of two dioptres. In this case, then, the pressure of 
: the tumour gave rise to blindness in the right eye, though no primary 
atrophy had, at the time of death, shown itself in the right disc. In 
another case which I havé recently seen (not included in the present 
series) the conditions were somewhat similar; here, however, there was - 
a marked primary atrophy in the left eye with an intense neuritis in 
the right. Post-mortem examination in this case revealed a large frontal - 
tumour excavating the under surfage of both frontal lobes, but more on 
the left side than on the right. һе left nerve was directly pressed on 
by the tumour. 

These cases show that direct pressure on the T PTS portion of 
the nerves or on the chiasma may cause loss of vision and pressure 
atrophy without causing optic neuritis. I shall have occasion to rsturn 
to this subject later in the paper.: 

Table I. shows the regions of the brain most einen affected by 
tumours without developing neuritis. Twenty of these cases come 
under the heading of subcortical and pontine tumours, while we see 
that all the cases of temporo-sphenoidal, cerebellar, and fourth ventricle 
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TABLE I. 


Relative frequency of Cases without Neuritis. 























Percentages 
Cases | No Neuritis with 
no Neuritis 

1. Subcortical ... 55 ТА Eus s; sá А 32 14 43°75 

2. Pontine E А ves г, хе . i 15 6 40 

3. Extra-cerebellar 25 siis js us E 19 5 26:815 

4. Optic Thalamus and Mid- brain ... Я Se n 15 3 20 

5. Precentral  ... m > ose 30 5! 16:6 

(Excluding Case of Primary Atrophy) is -— (29) (4) (13:793) 

6. Multiple $us 6 woe j Т.я 1 — 

"i. Postcentral . 2s E Я 25 3 19 

8. Third Ventricle and Pituitary zi 22 6 3? — 

9. Temporo-sphenoidal А zm 2 TE FF 13 — — 
10. Cerebellar... P vus m ss - 88 — — 
11. Fourth Veniricle  ... РЕ we $e Э à $ — — 

Totals ... T . m £e m A 200 40 — 
! Including one case of primary atrophy. ? All cases of primary atrophy. 


tumours develop neuritis. We must examine in some detail all the - 
zases of subcortical and pontine tumour to see if we can find any means 
of differentiating between the cases which develop neuritis and those 
which do not. We must further examine in detail why, in certain 
cases, neuritis does not arise in connection with tumours of other 
regions which, as a rule, are associated with it. 

Tumours of the pons afford us the simplest problem to start with. 
Here we find that the development of neuritis is due invariably to the 
tumour spreading beyond the limits of the pons to invade neighbour- 
ing structures... Taking these cases in detail, it is definitely stated in 
the post-mortem reports that the cerebellum was involved in seven of the 
cases, in five it was not involved, while this point is left doubtful in 
three cases. Of the seven cases whefe the cerebellum had been invaded 
by the tumour, five had, and two had not, neuritis. In these two the 
invasion of the cerebellum was only of the slightest degree, реше 
restricted to the white matter of thé middle peduncle (Cases 178 and 
174), so that though, strictly speaking, they must be included amongst 
the cases in which the cerebellum is involved, practically they should be 
included with cases of non-invasion of the cerebellum. Of the five 
cases where it is definitely stated that the cerebellum was not involved, 
four had no neuritis and in the other (Case 268) there was slight blurring 
of the right disc before operation with no changes at all in the left eye, 
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though subsequent to operation quite defimte slight neuritis appeared in 
both eyes. Post mortem, this case revealed huge masses of lobulated 
tumour almost entirely concealing the pons and invading the mesen- 
cephalon right forward. In the three cases in which the notes do 
not make any statement as to the invasion of cerebellum neuritis was 
definite. There can be little doubt that in all three cases the cerebellum 
was affected, since it 1s stated in one (Case 175) that the tumour 
extended on the left side from the exit of the fifth’ nerve to the middle 
of the inferior olives, and at the junction of the pons and medulla 
involved nearly the whole transverse section of the bulb. In the other 
two the symptoms certainly indicated cerebellar invasion to stich an 
extent that both were operated on for cerebellar tumour. The examina- 
tion of these cases may lead us justly to the conclusion that tumours of 
the pons Varolii do not produce optic neuritis, except by secondary 
invasion of the adjoining regions, more especially the cerebellum; and 
this, I think, fully accounts for the well-known fact that pontine 
tumours only give rise to optic neuritis very late in their history. In 
other words, when the tumour has invaded these neighbouring 
structures. 

Five cases of extra-cergbellar tumours were also without neuritis. 
Two of these tumours growing on the trunk of the eighth nerve may 
come under the category of pontine tumours, in so far as the part of the 
brain chiefly affected by the growth of these tumours was the pons. 
Of the remaining three, two were extra-dural tumours and did not 
involve the cortex of the cerebellum at all. The fifth case was a large 
tumour in the left posterior fossa pressing on the pons and medulla and 
cerebellum. The left disc in this case. showed some pallor, though no 
evidence of neuritis. . 

Excluding multiple tumours, there are 100 cases of tumours involving 
the cerebral hemispheres. Of these, sixty-eight were cortical and 
thirty-two deep or subcortical tumours. Of the sixty-eight tumours 
affecting the cerebral cortex, all those in the tempero-sphenoidal lobe 
had optic neuritis. With one case of a frontal tumour in which pressure 
atrophy developed I have already dealt. There remain seven cases in 
which no neuritis manifested ‘itself, and those seven are divided between 
the precentral and postcentral regions. In Case 13 the tumour, though 
at the time of death ıt involved the whole of the left frontal lobe except 
the orbital plate, and even pressed across into the left frontal lobe, had 
obviously originated deep in the hemisphere and had grown down into 
the basal nuclei as well as up into the frontal cortex. This patient 
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E none of the classical symptoins; “of tumour, having neither 
headache, vomiting, nor neuritis. : * The other. ‘three cases of preceniral 
зоп опг without neuritis were of meningeal origin, and in two certainly, 
axd in the third probably, the brain ‘substance. Was not invaded." There 
зге по characteristics which enable us to differentiate the three cases of 
>Das.central tumour without neuritis from those" with neuritis. But, as 
Wi be seen later on, the neuritis associated with tumours in this region 
:s cten very late in developing, very slight in severity, and short in 
duration. Further, valuable: localizing sighs are- obtainable frequently 
early in the history of, such -cases, so that loperative measures may be 
zaken without awaiting the development of changes in the optic disc. 

Subcortical tumours show the largest percentage of cases without 
neucitis, fourteen out of thirty-two. Of the remaining eighteen, five 
sho-ved only very slight neuritis —Case 69.—The neuritis lasted only a 
few weeks and subsided without leaving any traces. Case 81: Slight 
blurring of right disc with a little. hyperemia. Case 82: No neuritis was 
present two days before deàth, disc-changes were foünd post mortem. 
Dasz 87: Never amounted:to a measurable: swelling. And Case 91: 
Swelling not more than one dioptre at апу time in either eye. In 
=ny one of these five cases the existence of jiéüritis might quite easily 
aave passed unobserved. And, indeed, in three of them’ it is doubtful 
whether one is justified in applying the term at all. If-we add these 
zase to the fourteen in which no neuritis occurred, we find that in 
nineteen Gases out of thirty-two (60 per cent.) optic neuritis was a 
зоп existent or insignificant symptom in the clinical history. Here it 
5 rather the cases which gef-neuritis than those which escape that 
Zemund critical examination. Firstly, all the fumours which were con- 
Ened to the white matter of the hemispheres escaped neuritis, though 
-ivdvement of the cortex did not necessarily lead to development of 
=eucitis.' On the other hand,.when growth inwards took place with 
xc vement of the basal nuclei and of the lateral ventricles, optic neuritis 
almest invariably resulted, though in Case 94 all the basal ganglia were 
-Avo.ved in the tumour without neuritis developing. 

“he single case of multiple tumours, Case 199, which did not develop 
menritis adds strength to my argument, for the. tumours were two in 
xurber—one right subcortical and the other tight pontine. 

. Chere remain to be considered three casés-of tumours affecting the 
mid-brain and optic - thalamus, where optic-neuritis was absent. In 
Cases 103 and 114 we can, I think, find ani- adequate explanation. In 
itl cases there was great distension of the ventricles. The floor of the 


mo 
J 


2 


9 
72 ORIGINAL ARTICLES AND CLINICAL CASES 


taird ventricle was involved in this distention, and there was great and 
continuous pressure directly on the chiasma. In other words, there was 
here a condition of direct pressure exactly similar to that dealt with m 
tae first part of this chapter, resulting in the same way in blindness, but 
without the development of any preceding oedema in the nerve-head. 
The third case (115) was very similar to Case 94, already mentioned, 
since here again the basal nuclei on the left side were all attacked by a 
melanotic sarcoma without neuritis appearing. 

/— We can sum up the preceding section on the incidence of the neuritis 
in three statements :— 

(1) When a tumour directly or ано exercises constant pressure 
on the chiasma or on the.optic nerves it is likely to cause & primary pres- 
sure atrophy without any preceding cedema of the disc. ` 

(2) Some cases of meningeal tumours where the brain substance is 
not invaded do not develop optic neuritis. 

(8) There are two regions of the brain—the pons Varolii and the 
white matter of the cerebral hemispheres—in which tumours frequently 
develop without causing optic neuritis. 


CHAPTER III. 
e 
The Seveyity of the Neuritis. 


There are several factors which we have to consider in determining 
the degree of severity of optic neuritis Unfortunately, only one of 
those, the amount of swelling, can be expressed as a direct measurement, 
but under favourable conditions this particular point can be ascertained 
with very great accuracy. And in my experience, with rare exceptions, 
the height of the swelling fairly expresses the severity of the process 
which we call optic neuritis 

The second important feature in estimating the severity of the 
neuritis is the degree of venous Wirgescence and capillary congestion 
present. This forms one of the most striking elements in making up 
‘the general ophthalmoscopic picture. Dependent on this is the hemor- 
rhagic character of the neuritis. Along with the hemorrhages and also 
dependent on the degree of venous congestion present there sometimes 
appear dusky, yellowish patches of exudate. An equally important com- 
ponent of the picture is the extent to which the neighbouring retina is 
affected by the spreading of the oedema from the neighbourhood of the 
disc. In a definite proportion of the more severe cases the presence of 
‚ ihe spreading oedema is manifested by the formation of what is known 


'I have purposely made this ophthalmoscopie description very brief. For a full and 
“excellent description see Gunn [1]. 
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as & macular fan. This feature is a very definite evidence of neuritis of 
a g-oss character, and never appears with the lower degrees of swelling, 
whsreas hemorrhages occasionally show themselves in cases of neuritis 
whch cannot in any way be described as severe and in association with 
swelling of quite а small amount. The averagé swelling calculated from 
all she cases with hemorrhages varies but little from the general average 
of swelling met with in all cases, whereas the general average in cases 
wita macular figures is 0°6 dioptre higher. - 

І do not consider«that the visual loss is to be regarded as a factor in 
determining the severity of the neuritic process. It is well known that 
талу cases pass through a most severe attack of neuritis, even to the 
development of macular figures, without the vision being affected in 
any sensible degree. In a later part of the.paper I consider more fully 
the nature of the relationship between ‘the visual loss and the optic 
nevrilis. px 


TABLE П. 


. Severity of Neuritis. . 




































Ei El еш. *—, 3, | 2. 9 
= м, zo BS н 
к ce JEE], sé SE Sse | oe 
& | 88 |25.| $2 ` | S82 | Bg 
f 8° |885) 58 $8 | Бан | 88 
on NEC espe tog M. 
Precensral * 48D | 65D 2 |15 out of 23) 65 47D 4 
Postentral ... 36D | 60D | — | 9outof 99| 41 42D 4 
Temoaro-sphenoidal — 46D | 60D | — | 8outof 183| 61 46D 9 
Subconical ... 35D | 70D 2 | 70050116| 44 98D — 
Optis Thal. and Mid-brain .. | 50D | 80D 1 Т outof11j| 64 53D 9 
Muliple : |] 98D | TOD 1 | 2outotf5 | — — -| — 
Cere»elar ... 46D 70D 8 | 10 out of 25; 40 48D 1 
CExtra-cerebellar 50D | 60D» j| — 9 out of 14 | 64 49D 2 
ore >: 53D | 7:0 D — | 4outof9 | 44 | 58D 1 
Third Ventricle = 55 — ы 
Fousth Ventricle 44D: 50D |l — } 8 out of 8 9T 45р T 
Sa te РЕНЕ — A — РИНЕН es ERE 
Totals... "45D! — — J4outofi46! — = 22 out of 





! Mean swelling in 212 dises at highest observed swelling. 
2 Deses with consecutive atrophy excluded. 
* Mean swelling of disos in 22 cases equalled 5:1 D. 


There are certain points which come out in a striking fashion ір an 
examination of this table. In the first place ıt is quite obvious that the’ 
netcitis is much less severe in subcortical and postcentral tumours 
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than with those anywhere else. Not only is this so, but also in a cor- 
siderable number of cases in both those groups the process was &lso 
of very short duration. А proof of its comparatively late developmert 
ir the history of such tumours is afforded by the fact that out of thirty 
cases in which neuritis developed after admission of the patient into the - 
hospital, ten were cases of postcentral tumour and seven were sub- 
cortical (see Table IIL). Оп the other hand, pontine tumours, when 
‘they do develop optic neuritis, manifest it in a very severe form, and tke 
seme may be said of extra-cerebellar tumours. 

Judged by the swelling alone, the severity of the neuritis in cases of 
cerebellar tumour would seem to be little above the average. And m 
‘this class the proportion of cases that showed hemorrhages was not 
very high, yet we find a larger proportion of cases with macular figures 
than in any other class. The explanation of the position which this 
region occupies in the scale of severity seems to lie in the rapidity with 
which atrophy supervenes in many cases of cerebellar tumour; eight of 
the fourteen cases in which there was so-called consecutive atrophy at 
the time the patients were admitted to the hospital were cerebellar 
tumours. It is probable that these cases had passed through a neuritis 
o considerable séverity durjng the earlier stages of tumour development, 
the details of which, if they раа been available, would have sensibly 
altered the relative position of cerebellar tumours. 

‘We arrive, then, at the following tentative conclusions based on the 
available material as to the incidence and severity of optic neurit:s 
in tumours of the different brain regions :— 

(1) Precentral tumours are nearly always associated with neurifis 
fairly severe in character. 

(2) Postcentral tumours are nearly always associated with neuritis, 
as a rule moderate, and often of very short duration. . 

(3) Temporo-sphenoidal tumourgeare always associated with neuritis 
of about the same degree of severity as in frontal tumours. 

(4) Of subcortical tumours about one half develop neuritis—as в 
rule, moderate in degree—and, as in the case of parietal tumours, 
frequently of short duration. - 

(5) Optic thalamus and mid-brain iesus are almost invariably 
associated ' with’ optic neuritis of very great severity. 

(6) Cerebellar tumours are ошау accompanied by neuritis of a 
grave character. 

(T) Exira-cerebellar тшшш, as a rule, develop neuritis of a grave 
character. ' 
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(8) Of pontine tumours, about one half only. develop optic neuritis, 
an. then only when neighbouring parts of the brain, especially the 
cersbellum, have become involved. The neuntis when it does develop is 
ustally very severe. 

(9) Ventricular tumours develop a moderate neuritis.’ 


CHAPTER IV. 
Tre Relationship of the Amount of Neuritis to the Side of the Tumour. 


The important discussion which followed the reading of a paper by 
the author before the Ophthalmological Society of the United Kingdom 
in he early part of 1908 mainly bore on the question of the value of a 
difference in the amount of optic neuritis in the two eyes as indicating 
the side of the tumour. The writer was fully conscious that the views 
whch he then expressed weré not in accordance with the teaching of 
шалу authorities. Any statement which seeks to controvert the opinion 
hef by men of such great experience in neurology as Sir Victor 
Hesley [2] and Sir William Gowers must needs have strong evidence 
bekind 16 if it is to secure acceptance. The practical importance of 
the question can hardly be over estimated, and it is essential that the 
cass on which any conclusions may be ‘based should be submitted to 
а rgd scrutiny. : А 

Is may be stated as a general rule that when neuritis starts in one 
eye earlier than in the other, only occasionally does the neuritis remain 
greater in the eye which first shows it; in most cases at the height of 
the swelling the ‘neuritis becomes equal in both eyes. It does happen 
rarzly that one eye may show greater neuritis.in the earlier stages, and 
with an increasing neuritis in both eyes the opposite eye may show the 
greater neuritis in later stages. . 

In thirty cases of the present seres the neuritis developed while Ње 
patients were under observation. In thirteen of those it appeared simul- 
tarzously in the two eyes. In eleven it developed first in the opposite ' 
eye, and in six only did ıt develop first in the eye on the same side as the 
tumours (see Table ПІ). 

In dealing with the question of the amount of neuritis, we can only 
take those cases in which no signs of subsidence or atrophy had made 
ther appearance. This will lead to the exclusion of fifty-eight out of 


© In tumours of the floor of the third ventricle a sumple pressure atrophy may replace the 
neu itis. 
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the 160 cases in which neuritis developed, leaving 102 cases. I have 
put down as equal in swelling all cases in which the difference between 
the measurement in the two eyes does not exceed 0°5 dioptre. As will 
be seen from the table, the numbers come out that in fifty-four cases 
the swelling was equal in two eyes. In twenty-five the swelling was 
greatest in the eye on the side of the tumour, and in twenty-three it was 
. greatest in the opposite eye. І об 

Intrinsic cerebellar tumours formed the class in which the eye of the 
same side most frequently showed the greatest neuritis. If, however, we 
sum up the subtentorial tumours, we find that in nine the greatest swell-- 
ing was in the eye of same side, and in six it was in the opposite eye; 
while in the case of supratentorial tumours the numbers are sixteen far 
the eye of same side and sixteen for the opposite eye. 

In the single case of multiple tumours, one was subtentorial and one 
supratentorial, but both were on the left side. i 


TABLE HI. 





















































F = S g Bo 
$$ |38 |38 пә | we | £ 
82 |58 |82 Ea | до | 
ЕЕ | ВА “223 so | Bt 5.8 
' EG | Ese] ЕСЕ EB ES $g 
ga | бы $82 Total ag mn б. toS | Tota 
* s ro" | 232 ч eS | 8 
fe 5g |58 BS |35 | $3 
s| БӘ КЕН 3s | О $ 
Precentral 1 2 2 5 4 4 11 19 
Postcentral > 8 8 4 10 6 8 8 17 
Temporo-sphenoidal ... 1 — — 1 1 1 7 9 
Subcortical ... ' .. Mes — 3 4 7 2 4 |, 18 
Optic Thal. and Mid-brain .. — — 1 1] 3 8 8 9 
Multiple E: ose — 1 — 1 — 1 3 4 
Cerebellar , 1 — — 1 T feed 9 17 
Extra-cerebellar — 1 |1 2 2 83-i 4 9 
Pontine ... sa . эзе — 1 1 2 -— 2 2 4. 
Third and Lateral Ventricle... — le— — — — i — 1. 
Totals. в | 11) 38 | зо | 25 | 28 | ös |10% 















‘It is impossible to go into the details of the whole of this series of 
forty-eight cases, in which there was definite inequality in the amount 
of neuritis. But we may subdivide them into four claéses- according to 
the amount of inequality, and then deal in tabular form with the more 
important of these classes. The first subdivision includes three cases m 
which the neuritis had affected only one eye at the time of death cr 
operation. 


) 
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TABLE IV. 


^ Newritis affecting only one eye at the time of death or operation. 





= | -— Amount of Neuntis — 











Case Site of Tumour eee ы Remarks 
Right Eye Left Eye 
i Right precentral |. None + 20 D | Neuritis intense in character 
with hzemorrhages in left eye 
34 Right rolandic Haziness, | + 1:5 D | Edges of left disc blurred 


К noswelling 
909 | Left ascending frontal | Commenc- | Normal | Neuritis early but definite in 
and left extra-cerebellar] ing neuritis right eye 





It will be seen that in each of these three cases the neuritis at the 
time of death or of operative interference had appeared definitely in one 
eye only, and in each case it was the eye on the side opposite to the 
tumour which showed the neuritis. То the, first case I have already 
referred in the early part of Chapter IL, where I have given what I 
think is the true explanation of the non-development of the neuritis 
in the right eye. In the other two cases the neuritis, though of short 
duration, was perfectly definite in character. 

The second subdivision consists of cases which showed a difference of 
two dioptres or more between the highest njeasured swelling in the two 
eyes. Е А 
TABLE V. 


Cases showing 9 D or more difference between the swelling in 
. the two eyes. 


Pd 





tst Ir PUE tee 

















Amount of Neuritia Ы 
Сазе Site of Tumour Remarks 
Right Eye Left Eye 
3 | Right Precentral ... . 1D 4D Vision very bad before neuritis 
22 | Right Precentral  ... 4D 65D Neuritis equal in earlier stages 
47 | Left Postcentral .., ` 3D | egmmencing | Slight blurring in left eye three 
days before death 
73 | Left Subeortieal .., 3D 1D Neuritis developed first in right 
eye 
118 | Mid-brain, mostly lefi | 8-10 D тэ Very intense neuritis. Tumour 
side much greater on left side than 
`| on right è 
154 | Left Cerebellar ex -6-D 3D a> 5 
185 | Left lateral Ventricle 55D 850 
&nd third Ventricle 
мылы ыш a nm pP Т 
'40 | Right Postcentral ... 2D | commencing | Swelling measurable in right eye 
only on day of death 
42 | Right Hemisphere .. 85D 15D Large extra-cerebral blood-cyst 
101 | Right Optic Thalamus 6D 4D 
153 , Left Extra-cerebellar зр 5р 








78 SRIGINAL ARTICLES AND CLINICAL CASES” 


The first seven cases in this table show a very much greater amount 
af swelling in the eye away from the side of the tumour than im the 
eye on the same side. In the last four cases it will be seen that it was 
the eye on the side of the tumour which had the greater swelling. In all 
these cases, apart altogether from the question of measurement, there 
were definite differences in the ophthalmoscopic pictures presented by the 
two eyes. . 

The third subdivision includes five cases in which the difference in the 
swelling between the two eyes was 1'5 dioptre. In four of these it was the 

' eye on the side of the tumour which Һай the greatest swelling, and in one 
it was the opposite eye: Taking these first three subdivisions together, 
there are eight cases in which the eye on the side of the tumour showed 
the greatest swelling and eleven cases in which the opposite eye showed 
the most. 

In the remaining cases the difference amounted to one dioptre only, 
and in this subdivision there were seventeen cases where the eye on the 
side of the tumour showed most swelling as against twelve where the 
opposite eye was most affected, making up the totals, as seen cn 
Table III., to twenty-five and twenty-three respectively. 

In a аай number of cases the neuritis took on a hemorrhagic 
character in one eye only*and while I do not lay any great stress cn 
heemorrhages as an indicatiof of severity of neuritis, yet I give the 
numbers as showing that even in this characteristic it was occasional y 
tae opposite eye which showed hemorrhages. In twelve cases these 
appeared in the eye of the side of the tumour, and in five cases in the 
opposite eye. i 

As I have already said, there is reason to doubt the close relationsh:p 
between the visual result and the neuritis, but we do find a few cases in 
which the vision was much more affected in one eye than in the other as 
the neuritis subsided. There were nine such cases, and in four it was 
the eye on the side of the tumour ж which the vision was S moet affected, 
and in five it was the opposite eye. 

In concluding this sections I may for a moment intrude a personal 
statement; Before I started to analyse these statistics, I should have 
been prepared'to state, as my general impression, that the neuritis was 
greater on the side of the tumour. The few exceptions that I had seen — 
e.g., Case 1—were, as I thought, capable of simple'explanation. But, as 
the exceptions increased in number, I was forced to realize that the 
point was not one that could be regarded: as of value in localization. 
Even if the number of cases where the opposite eye is the more affected 
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we-e much smaller than it is, so long as we are unable to explain why in 
sorxe cases it should be more affected we cannot assume that a difference 
in he amount of neuritis is a sign of localizing value. 


CHAPTER V. - 
Nature of Tumour in Relationship to Neuritis. 


The nature of the tumour was ascertained in 150 cases. Of these, 
tw «nty-nine had no neuritis (19:3 per cent.), so that, on the whole, they 
mey be taken as making a fairly representative collection, An examination 
of ;he cases in detail does not lend much support to the idea that the 
naure of the tumour plays any important part in determining the 
ocourrence of optic neuritis except in so far as the nature of the tumour 
may determine the locality. Gliomata formed a very considerable pro- 
portion of the whole, there being sixty-three cases. Of these, thirteen 
hac. no neuritis, so that in this case at any rate the percentage, 20 to 68, 
without neuritis is the same as we find in tumour cases in general. 


t 

















































































































TABLE VI. 
— c ore 
Nature of Glioma | Sar- | Cysts | Endo- | Tuber- |Fibroma; Carci- Gummaj Papi. | Total 
Tumour coma thehoma| cle * noma loma 
ee : ЕСЕНЕН И 
ЕТЕТ АЕ ЯД, ЕЛ Е!Е ЕТЕД 2 4 
PAn a a чарча рч›уа чу) ч а рч <Ч з ч р |+ 
| 
Froatal 138|/1/,—(,2|1/]1/|5,1 1 1 i1j—j—|—.22,6 
Paretal 41—19 1—14 |11 — — wil :19|1 
Temp. -sphen. 3 4 —| 2 — ! = 9 
Sukzortical 8 7i2|—|8|—|1|— — — 917 
Opte Thal. and Н 
Mid-bram .. 6j;—; 1) 2 }—|— 2/1 — :— | —- 918 
MuZiple — 2 —i-— &|—: 11— Єч 
Сег. bellar 11|—|8 6 —i—i—|—|1|—i—|—!2"|-— 
Extra-cerebellar | 1/11/42 1/|1 -| 9 1 |— 12] 5 
Ponsine 5]4/1|1|—|1 — — | E16 
Versncular rig ele Fae NOE NE Cc UNES = 2|—| v|1 
Totzls ... .. | 50 [18] 16] 7 |14 3 |1212 1|10]—|5|9|8|]1| 2 [191 (99° 
Perxentage with- ; 
ort neuritis... | 20°63 | 26,09 |17:6+ | 14:28) 10 — |2857] 25 — 19:8 

















ln some of the other cases the numbers are too small to afford a 
trustworthy basis for percentage classification, but I give the hst in the 
inverse order of the frequency of neuritis. 
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No Newritis. 


Carcinoma oe 2 out of 7 cases 





Sarcoma ... ea 7 out of 23 cases .. 261 per cent. 
Gumma ... ies 1 out of 4 cases ies — | 
Glioma ...  '.. 18 out of 63 cases .. 20'6 per cent. 
Cysts et 2 3 out of 17 cases .. 1T percent. . 
Endothelioma  ... 2 out of 14 cases .. 148 per cent., 
Tubercle ... m 1 out of 10 cases we — 
Fibroma ... з 0 out of 10 cases ES — 
Papilloma wae 0 out of 2 cases Jai — 

29 out of 150 cases ...  19'8 per cent. 


At first sight it certainly seems a little curious that this list should be 
headed by the two classes of tumours which show the most malignancy. 
But one of the two cases of carcinoma was an extra-dural tumour in the 
cerebellar region which did not invade the brain substance at all, and fhe 
other was quite a small tumour in the parietal region. 

The elucidation of the cases of sarcomata presents greater difficulties. 
We find that one of the seven cases is the mid-brain tumour (Case 108) 
for which we have already attempted to provide an explanation of the 
non-occurrence of optic neuritis in the dilatation of the third ventricle ; 
if we except this case the percentage is brought practically down to the 
normal. The intracranial tension in at least four of the remaining cases 
was high, and in one of them very high (Case 158). These sarcomatcus 
tumours were not limited to any one region. When we come to the 
other end of the list we find that practically all the cases of tubercle were 
associated with optic neuritis. The explanation of this seems to be that 
the tuberculous growths were much more frequent in the mid-brain and 
cerebellum than in any other part of the brain. A similar argument 
applies in the case of a fibromatag where nine of the ten cases described 
were exira-cerebellar tumours. The two cases of papilloma described 
were both intra-ventricular tumours and both associatéd with neuritis. 

À critical examination of the relation existing between the nature of 
the tumour and the optic neuritis forces us to conclude that there is 
nothing in the nature of the tumour itself which determines the onset of 
neuritis. “Not even does rapidity of growth seem*to play any great part, 
nor size, as gross neuritis may be caused by a very small tumour in ane 
place, while a very large tumour may be present in another place with- 
out any change appearing in either disc. In so far as the nature of the 
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tumour Jdeme its location, just so far and no further does ib seem to 
determine its relationship to the neuritis. 

Tf we examine the effect of this conclusion on the question as to the 
pathogenesis of the optic disc phenomena; we' see that, in so far as it goes, 
it is against the toxin hypotheses, since the rate of breaking down of 
brain matter and the rapidity of development of toxins will not in any 
wa depend on the position.of the tumour, but will depend on its nature 
anc on the rapidity of its growth. For example, gliomata tend to break 
down readily, and yet, as we have seen, they do not proportionately cause 
a greater amount of optic neuritis, while fibromata show little tendency 
30 break down themselves or to cause breaking down of brain substance, 
and. yet most of them are associated with neuritis. 


CHAPTER VI. 


М. 


The Relationship of Optic Neuritis to Intracranial Tension and to the 
occurrence of Meningitis. 


- Evidence of the state of intracranial tension during life is only 
sbtemable directly in cases which are submitted to operation. There is 
Зі doubt that the tension varies considerably from time to time, and 
chat the attacks of increased headache, giddiness, vomiting and temporary 
imaess of sight coincide with periods of raised tension. The reports of 
Фе amount of intracranial tension at the time of operation depend on 
the zersonal equation of the observer, and any “distinction between cases 
mus be, to a considerable extent, an arbitrary one. 

Post-mortem evidences must depend to almost as great an extent on 
зле duration of the raised tension as on the amount of it. Post-mortem 
evidences will also vary with the position.of the tumour. Thus a supra- 
isntorial tumour will be more likely to show much flattening of the cere- 
bal zonvolutions when the tension has ‘been raised for some time, while a 
zibtentorial tumour will be more likely to show а lange pressure cone 

æ the foramen magnum. 

In a considerable number of cases there is АЕ no indication 
A the notes as to the condition of the intracranial tension. I have 
aztempted to subdivide the other cases into three classes. 

Class I. showed evidences of very high intracranial tension—e.g., 
gear bulging of the dura at the time of operation or a very marked 
pressure cone or much flattening of the convolutions or much distended 
ventricles at the autopsy. ` 
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Class IL, cases which gave definite evidence of raised tension at 
operation or post mortem, though not of such a gross character as m 
Class I. 

Class III., where the operation notes definitely state that the tension 
was not raised or where the post mortem revealed no flattening of the 
convolutions nor distension of the ventricles. 


ТАвгЕ VII. 





Intra-cranial Tension Cases Shght or 
with Neuritis Very high High normal 














Precentral 
Postcentral 
"Temporo- sphenotdal 
Subcortical 
Multiple .. 

Optic Thalamus and Mid-brain 
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Extra-cerebellar 
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TABLE VIII. 








Intra-cranial Tension Cases i Slight or 
without Neuntis Very high High normal 


Precentral 

Postcentral 

"Temporo- sphenoidal 

Subcortical 

Multiple ... 

Optic Thalamus and Mid.brain vis 
Cerebellar E А 2e . 
Extra-cerebellar 

Pontine ... - Mn A 

Third Ventricle . vis 2 .» 
Fourth Ventricle H 


Totals ... 


Percentage of Total Cases in each class. 9:528 95 14-084 % | 4T05 96 
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Taking the tables as a whole, they seem to favour the hypothesis 
that the occurrence of neuritis is closely related to the amount of intra- 
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crarial tension, but I do not think we have at the present time evidence 
enough to justify us in saying that the relationship is one of cause and 
zffect. It is possible that the raised intracranial tension and the optic 
neuritis are two concurrent results of опе common cause. For instance, 
a change in intracranial conditions due to the presence of the tumour 
“nay cause an oedema of brain tissue which, in course of time, spreads to 
che орсо nerve, and at the same time may play a part in raising she 
-ntracranial tension. 

“able VIII. shows four cases in which there was very high tzns.on 
witkout optic neuritis. I have already dealt in detail with the two mid- 
raja cases (108 and 114) in Chapter П., and have offered an hypothesis 
зэ explain the non-appearance of neuritis, despite the very high tension. 
The other two cases (86 and 158) remain unexplained exceptions to 
тле rule, that very high intra-cranial tension is accompanied by optic 
=euritis. : 

Pontine tumours are of special interest in this connection. I have 
laid zreat stress on the conditions under which these tumours produce 
geuritis, and a comparison of Tables VII. and VIII. shows that the 
zopearance of neuritis'and a great rise in intracranial tension are always 
associated. In each table there are six cases. Five of those with 
neuritis had very high tension, five without neuritis had normal intra- 
-can.al tension. It is much to be regretted that we cannot in a similar 
manner contrast the cases of subcortical tumour with and withcut 
xaurmtis, but, unfortunately, in nine out of the fourteen cases w-thout 
=aumtis the notes do not afford any evidence as to the condition of 
she intracranial tension. One would like to suppose that this was 
Secause the tension was not raised. То make such a supposition in 
zhis zase would involve doing the same in the larger number of cases 
at ccrtical tumour (precentral and postcentral) with neuritis in which 
notes of intracranial tension are equally lacking. 

The possibility of optic neuritis рес due to an inflammation spread- 
img trom the meninges down the nerve-sheaths may be dealt with very 
briefly. It must be understood that the description of the meninges 
in the reports is in the large majority of cases based only on the macro- 
scopis appearances. In twenty-eight cases only was there any meningeal 
change noted. In twelve of these this consisted of nothing more than 
i-Jdarxmatory adhesions confined to the surface affected by the turnour. 
In seven cases there was post-operative meningitis which could have 
Таа nothing to do with the ‘development of the neuritis, and, indeed, :п 
f-ur cases in which the meningeal inflammation was most generalized 
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there was no neuritis. In thé great majority of post-mortem reports fhe 
meninges were stated to be healthy. 


1 


Cuaprer VII. 
The Vision in Cases of Cerebral Tumour. 


I have stated in an earlier part of this paper that there is greve 
reason to doubt that the loss of vision that occurs in cases of cerebral 
tumour is due to the condition which we call optic neuritis. Further, 
we may ask the question whether the atrophy which appears later 
in the history of the case is really. consecutive on this process or is a 
simple pressure atrophy. Before I proceed to the consideration of this, 
there are one or two points about the vision with which I wish to deal. 
In some cases, of course, the mental condition of patients precluded she 
possibility of accurate subjective testing at any time during the history 
of the case. In other cases the vision could be tested before operation, 
but the effect of the operation itself on either the vision or the neuritis 
could not be noted. 

There were 101 cases with neuritis in which a fairly full history of 
the state of the vision gould be obtained, and of the cases without 
neuritis the vision could be tested in a large proportion. 














TABLE IX. 
One eye bad Vision defcetive 
i : L— vision 
Visual Results—Operation Cases i-* ffs pisci rra " ESO. Tor ressone 
: side | side Nouritis 

Precental 7 1 — 1 1 1 1 
Postcentral К 6 4 2 2 1|— 2 
Temporo- sphenoidal . — 1 — — 1 | — = 
Subcortical .. 4 — — = —- [bz = 
Optic Thalamus and Mid-brain| — ё — 8 sa шш = 
Cerebellar ^ ж» 7 1 — 4 21 2 — 
Tixtra-cerebellar a 3 — 1 == M И = 
Pontine ... 4 — — — — e pies - 
Ventricular -— x — mers apt 
T'otals 226 aS. 27 1 8 10 4 8 8 

157-440, | 14:9 % 895 | 21-27%, 

—— — 


234 = 79:34 95 13 = 97:65 95 
Saee, eaa 
47 Cases. 
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1 Fair vision, 22 out of 80 = 73:3 % 
2 Good vision, 18 out of 80 = 60% 
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TABLE X. 




































я Оле eye bad | vision defeetave 
Yssual Rasults —Non-Operative Cases| -$—6 | f$ jr ad Li EHI ЕЗБЕК пор гос 
Same | Opp. | “'Neuritis 
` side | sıde 
- ———— - | | 

2-есепіта1 . — 1 1 1 — | — 1 
Ensteantral — .. EN 2 1 —- — — | — — 
Tamporo-sphenoidal * 2 2 — 1 — | — — 
Zabceortical 4 1 1 1 — 1 — 
Catic Thalamus and Mid-brain — 1 1 2 — 1 — 
Serebellar M X — 2 4 — | — — 
—aírn-oerebollar 4 1 N 1 — | — — 
опре .. suk 1 1 — 8 — | — — 
“Ventoicular 2 — 1 1 — ho — 
Totals p i 12 8 7 14 — 2 1 











29-27 % | 19-51 % | 17:07 % | 84-14 % 
——— ———— 
20 = 48°78 95 91 = 51:22 96 
T———— 
41 Cases. 


The first point I wish to deal with is the beneficial effect of operation 
z- vision. . For this purpose we must exclude the cases in which atrophy 
was obvious before the patient came under obgervation. There remain 
sishty-eight cases, forty-seven of which were operated on and forty-one 
ware not. 

These tables show how very beneficial operation is in saving sight. 
Tabls IX. gives a larger number of cases than I gave in my paper in 
volume XXV. of the Transactions of the Ophthalmological Society, but 
+= percentages remain unchanged. The vision in Table X. is the last 
-exorded before death. As І am dealing in the present paper with con- 
Эгей cases alone, and as the confirmation of a case not operated on can 
nly take place after death, it is not right to make too many inferences 
“ram а comparison of these tables. Ag regards Table IX., there is one 
зкйпі of very considerable practical "importance. Of the forty- seven 
: cases mentioned in it, twenty-eight were alive when last heard of, many 
ef them in perfectly good health. If we distribute these into their 
respective classes as regards vision, we find that of the twenty-seven 
sth good vision ($ to чх), nineteen are still alive; of the seven with 
msderately good vision (ys to se), six are still alive; so that of thirty- 
ur eases operated on retaining moderately good vision, twenty-five are 
£ive, while only three of the thirteen with bad vision are alive. This, I 
think, has an important bearing on the question of the time to choose 
f= operation in such cases, since it would seem to be obvious that if 
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operation is deferred till visual loss is well marked, the chance of the 
2atient surviving is very much diminished. I return to this pont 
-ater on. 

In Table XI. I give the visual results in cases with optic neuritis as 
they appeared in tumours of different parts of the brain. 


TABLE XI. 


Visual Results in cases of Optic Newritis, excluding cases which died 
within a few weeks of operation or whose vision could not be taren 
[bet including cases of consecutive atrophy when first seen]. 



































Vision Vision Percentage of cases 
it fa—blind Ы 
1. Optic Thalamus and Mid-brain (d T 87°5 
2. Cerebellar es 9 18 66:6 
8. Pontine ... ; 2 8 60:0 
4. Ventricular * av ЖЕН idi ses 2 2 50:0 
5. Extra-cerebellar . is EM sd 4 8 42 85 
6. Frontal ... х ^x ies s РЕ 9 5 35771 
7. Subcortical " 9 4 30°77 
8. Parietal . М 18 4 98-58 
9. Temporo-sphenoidal е. i 5 1 16:6 
Total а... 54 47 46:58 











This table shows that the tumours which are most likely to cause 
ventricular distension are those which cause the greatest loss of vision. 

I wish to suggest as a possibility—worthy, at any rate, of being 
seriously considered—that the affection of vision which takes place in 
cerebral tumours is not of necessity the result of the affection of the 
nerve-head which we indiscriminately term papillitis, optic neuritis, or 
choked disc. There are several geasons which can be adduced in favour 
of regarding the visual loss and the papillary света as more or less 
independent of one another. (1) There is the undoubted fact that n-any 
eases.go through a most severe attack of optic neuritis without the visual 
acuity being affected in the slightest degree. (2) I pointed out in a , 
previous paper that attacks of temporary amaurosis are frequently met 
with in cases of cerebral tumour, that these attacks are always associated 
with increased headache and giddiness, that they may be niet with in 
cases in which no disc-changes were manifest, and did occur in three 
cases in which no neuritis ever did develop. (3) I have already spoken 
of two cases of tumours in the mid-brain which did not develop any optic 
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nearitis. One of these cases (H. Е.) had become quite blind within about 
four weeks, though the discs were normal in appearance. Of the other, 
the mental condition did not allow the vision to be tested, but the 
pupillary reflex to hght was completely lost. (4) In certain cases in 
which neuritis did develop, the failure of vision distinctly preceded the 
ap earance of any disc-changes. (5) The vision is most affected in cases 
in which there is the greatest likelihood of distention of the third 
veatricle [compare visual table (XI.) with tables of intracranial tension 
(VIL and VIIL)]. (6) The recovery of vision after operation in many 
cases takes place at a very much more rapid pace than the subsidence of 
the neuritis. (7) In certain cases of the present series we have evidence 
thet direct pressure of the tumour on the nerve or the chiasma causes 
bliadness, e.g., and this blindness may exist for some time before signs 
of descending atrophy manifest themselves in the disc. (8) Frequently 
cases which have been seen to pass through an attack of papi-litis 
which has completely subsided present a condition of disc which 16 
is practically impossible to distinguish from the disc of a primary 
atrophy. 

These points, I think, must suggest that the visual loss and the 
sul sequent atrophy may, at least in some cases, depend on some factor 
otker than the papillary changes, and I would suggest the possibility 
thct that factor is the direct pressure of the distended floor of the third 
veriricle on the chiasma. And I think this will account for the fact 
that the vision is less affected in temporo-sphenoidal tumours than in 
anr other class of case, though in all other respects temporo-sphencidal 
tumours stand so high up in the degree to which they are affected by 
optic neuritis; and it will also, I think, account for the bad visual 
resilts in all the cases in which there is a likelihood of blockage of the 
aqueduct of Sylvius. 

If we accept this hypothesis prowsionally as it affects the sight, it 
may be that the atrophy which appears in the later stages of this process 
is clso to be regarded as analogous to any;other pressure atrophy, only 
modified by the co-existence of an oedema in its earlier stages, and if this 
15 © we may have to look to the chiasmal end of the optic nerves rather 
shan the disc end for the earliest signs of the atrophic process. The point 
is cne of great practicgl importance, since in many cases it is necessary 
зо perform a decompression operation to save sight where no definite 
-ocalization of the tumour can be made; and, if this hypothesis be correct 
-t E the commencement of visual failure that should be taken as an 
nd.cation for palliative trephining rather than the occurrence of optic 
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neuritis, All the evidence goes to show that if cases are operated оп 
while vision is little affected, the chances for the patient surviving are 
good, and this would seem to be true even when the neuritis has been in 
existence for a prolonged period. On the other hand, the worse tke 
vision the poorer is the patient’s chance of surviving. This, however, 
may simply be due to the fact that it is in mid-brain and subtentorial 
tumours that the vision is most likely to be seriously affected. 


CHAPTER VIII. 
The Age-incidence of Optic Newuritis in Cerebral Tumours. . 

Befóre we can properly discuss the question of whether optic neuritis 
diminishes in frequency and in severity with increasing’ years, we must 
first see what the age-incidence of tumours in generalis. The cases in 
the present series varied in age from 13 years up to 68, but the enormous 
majority of the cases were between 15 and 50. The average age'of all 
the cases was 34. Table XII. gives the age-incidence of the tumours m 

general, apart from any question of neuritis. 


TABLE XII. 


Age-incidence of Tumours in different regions of the Brain.. 
PA RS sr e A a a a ens E PET 

















Site of Tumour. Average age, SL rags rte E e 

Precentral wes és 53 m 87 9 19 8 
Postcentral ive isa sec РЯ 38 5 9" 10 
"Temporo-sphenoidal ..: : ves 8% 4 4 4 
Subcortical ves 41 7 9 ~ 16 
Optic Thalamus and Mid-brain Se 27 9 8, 2 
Ozrebellar.. Jas sx "E 15 91 8 2 
Extra- cerebellar . Ns is m 89 d 6 6 8 
Pontme .. 504 С m Me 15 12 — 3 
Ventricular Tea sx . 2 96 4 1 4 
Multiple .. m" & i». sss e 46 1 2 4 
Totals... E NA -— — 88 49 - 61 





If we take the mean of the ages of patients with neuritis we find that 
it is 82, two years less than the mean age for all tumours. -On the other 
Бапа, if we take the mean age of cases without neuritis, it is 40, six 
years higher than the general average. An examination of Table XIIT. 
will, I think, serve to show that this does not really mean that optic 
neuritis tends to become less frequent because of advancing age. The 
true explanation lies in the fact that all cerebellar tumours get opċic 
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TABLE XIII. 


- Age-incidence in Tumours with and.without Neuritis. 










With Neuritis, Without Neuritis. 





Site. 
Cases 
Cases between | Cases 


Cases 
between under 30 | 30 and 40] over 40 


under 80 | 30 and 40| Over 40 




















Cortical ... " sex s ET 1 
Subcartical M Ss 

Optic Thalamus and Mid.brain 

Cerebellar M SAT "uis 2 
Extra-cerebellar s vis 
Pontine ... 
Ventricular 
Multiple ... 


Totals 





neuritis, and cerebellar tumours are more particularly prone to occur in 
the early years of life, as shown in Table XIL, whereas subcortical 
tumours, which frequently escape without neuritis, are much more fre- 
quent in later life. A comparison of the two parts of Table XIII. reveals 
how much the different age-incidence in the two classes depends on 
the one hand, оп the preponderance of cewebellar tumours, and on the 
other on the preponderance of subcortical tumours. And I think it 
must be admitted that, apart from these two regions, age-incidence of 
cases with neuritis and without neuritis would be very similar. The 
conclusion which I have come to from a careful examination of this 
series of cases is that age ‘in itself has little or no influence in deter- 
mining the onset of neuritis. 

The age-incidence of cases which showed hwmorrhages corresponded 
almost exactly with that of the cases with neuritis, the average age being 
33. The average age of the cases with macular figures is definitely 
lower—27 years. Тһе fact that the cerebellar cases form such a 
definite proportion with this change would have led us to anticipate 
some such: result. 


r 


CHAPTER IX. 


‘Summary of Conclusions. 


I may briefly recapitulate the main conclusions which the examina- 
tion of this series of 200 cases has led me to :— | 
(1). Tumours directly or indirectly exercising constant pressure on 
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the chiasma, or on the optic nerves, may cause primary pressure atrophy 
without any preceding oedema of the disc. 

(2) The great majority of tumours affecting the grey ‘atta of Бе 
cortex cerebri have optic neuritis, the severity of which seems to vary 
inversely with the distance о? the part affected from the chiasma. 

(3) Tumours lying deep in the white matter of the cerebral 'heru- 
spheres do not, as a rule, develop optic neuritis until they invade either 
the cortex or the basal ganglia. They are most likely to develop ope 
, reuritis when they spread in the latter direction. 

(4) Tumours affecting the optic thalamus, the mid-brain, the cere- 
bellum and the ventricles are almost invariably associated with орыс 
neuritis. | | 

(5) Pontine tumours and some extra-cerebellar tumours which are 
closely allied to pontine tumours do not develop optic neuritis until 
neighbouring regions, especially the cerebellum, are invaded. 

(6) A difference in the intensity of the neuritis in the two eyes is met 
with in about 50 per cent. of all cases. The neuritis in some cases 1s 
greater in the eye on the side of the tumour, and in some cases 15 
greater in the opposite eye. When a difference шыш it should rot 
be regarded as of localizing value. 

(7) The nature of a tumqur does not in itself play any part in deter- 
mining the onset of neuritis, except in so far as the nature of the umen 
cetermines its location. 

(8) A close relationship seems to exist between the occurrence of 
neuritis and the amount of intracranial tension, but there is as ret 
nothing to justify us in saying that the relationship is one of cause 
and effect. 

(9) Meningeal inflammation is rare in cerebral tumours, and when it 
does occur is, in the majority of cases, localized to the actual tumour 
area and plays no part in the caugation of optic neuritis. 

(10) There are reasons for thinking that the diminution of visnal 
ecuity and the oedema of the optic nerve-head are more or less inde- 
pendent of one another, and are not related to one another as carse 
end effect. 

(11) The atrophy of the nerve in some cases at least is probably a 
simple pressure or descending atrophy starting from the chiasmal end of 
the nerve and exactly analogous to the primary atrophies that occur 
quite apart from any cedema of the disc. 

(12) Age in itself has little or no relationship to the occurrence 
of neuritis. 
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The desire for brevity has given a greater appearance of dogmatism 
to these twelve conclusions than I would wish to convey, but I can only 
hope that readers will bear in mind that they are based on this particular 
series of cases alone, and I have little doubt that future work will intro- 
duce many modifications and qualifications into these conclusions. 
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ON THE STRUCTURE AND FUNCTIONAL RELATIONS OF 
THE OPTIC THALAMUS. 
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From Sir Valor Hoisley's Laboratory in the Department of Pathological Chemistry in 
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SUMMARY. 


Ar the very outset I wish to express my deep gratitude to Sir Victor 
Hasley for the privilege of working in his laboratory, for his mnumer- 
able kindnesses, and for the benefit of his many valuable suggestions, 
frark criticism, and unerring judgment. Не suggested the subject and 
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method of the investigation and co-operated in the performance of ihe 
experiments and revision of the preparations. I am also much indebted 
to Dr. В. Н. Clarke for his ever-ready assistance and advice, as well as 
for the use of: his stereotaxic instrument. To Miss E. Clarke’s unfiag- 
ging interest and careful assistance the results obtained are in great 
part due. 

The optic thalamus, with its adjacent ganglia, has been the, subject 
of numerous investigations during the past thirty years. These have 
dealt with the anatomical as well as the physiological side of the ques- 
tion. There still remain, however, many obscure points which make 
this a profitable field, and particularly for a new method stich as has 
been employed for the present work. 


HISTORICAL. 


The very comprehensive monograph by Roussy [135] on the optic 
thalamus, published during the past year, deals with the historical 
survey of our present state of knowledge so thoroughly that, for the 
sake of brevity, but a general outline 9 methods and results of past 
work will be given here.e 

Prior to the work of Wothnagel [115] and Meynert [104] very 
crude experiments were performed on the basal ganglia by Luys [95], 
Schiff [139], Burdach [26], Magendie [96], Serres and Loustan [143], 
and others. 

With Nothnagel began the period of studying this region by means 
of localized lesions, and that plan has been followed for the most part 
up to the present day, though more refined methods have been 
employed. с 

These methods may be grouped under three headings :— 

· First—The injection of fluids (Nothnagel and Fournié) [58]. 

Second.—Incisions or destruction by some mechanical means. Of 
these, that employed orjginaly by  Veysierre [153] and later by 
Probst [128], viz., a trochar containing a hidden wire which could be 
pushed forward to produce the lesion, was the most generally used. 
By the mechanical method results were obtained by Ferrier znd 
- Turner [49], Bechterew [8], Mislawski [18], Exnst [47], Probst [123], 
Ziehen [159], Ott [119], and others. : 

Third.—Electrolytic lesions, firsí used by Sellier and Verger [140], 
then by Roussy [185], and Horsley and Clarke (75], in their work on 
the cerebellum. 
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Physiology. СЯ | 

The earliest observers—Magendie [96], Flourens [54], and 
Schiff [189]— were of the opinion that the thalamus was the centre for 
voluntary motor functions, the last named even believing it controlled 
intestmal movements. These early investigators described “‘ mouvements 
de manége " as characteristic of thalamic lesions. 

Carpenter, in 1851, and after him Meynert [104], in the Seventies, 
however, expressed the following view: “The optic thalamus is the 
centre for unconscious reflex movements resulting from peripheral 
stimuh, and from it these are carried to the cortex, producing images 
of these movements, which.then are the basis for voluntary movements." 
Noshnagel [116] and Ferrier [48] believed it was a sensory station 
between the lower centres and the cortex. Carville and Duret [31] 
held similar views. There followed then numerous investigations by 
Bechterew and his pupils—Mislawski [15-17], Ostankow, Irwanow [77], 
and Ernst [47]. In these experiments the cortex was removed in part 
and the various regions stimulated with the faradic current. They 
described numerous centres in the thalamus controlling various func-* 
tions, movements of the stomach and intestine, bladder, vagina and 
rectum, also lachrymation and a screaming centre, described by Irwanow, 
referred to by Bechterew as a centre Where stimulation produced 
“ Geschrei wie es auf Schmerz auftritt." These investigations have, 
as far as can be discovered, never been confirmed. 

Thiele [149] obtained locomotor movements of the limbs on stimu- 
lating the cut surface of the posterior part of the thalamus. 

Hale White [68] and Ott [119] found changes in temperature 
associated with thalamic lesions, and the latter also noted changes in 
blood-pressure. Christiani described a mastication centre. | 

Seller and Verger [140] found hemianssthesia in their animals 
after thalamic lesions, but advanced thé important conclusion that visual 
symptoms were not obtained from the anterior and lateral parts of the 
thalamus, but only from the posterior portions. Up to this time ocular 
symptoms, especially hemianopsia, had been described as a symptom of 
thalamic lesions irrespective of the region injured. 

Von Monakow [107], in his elaborate monograph—the important 
anatomical features in’ which will be taken up later—regards the 
thalanrus as wholly a sensory centre. 

Probst [129], in one experiment, found slight sensory changes— 
hhemianopsia and a paresis of the limbs—on the same side; as well as a 
loss of the sense of position of the extremities. 
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Prus [130] dividing the thalamus arbitrarily into four parts—anterior, 
middle, central, and lateral— stimulated each after removing the cortez, 
and concluded that the thalamus contained centres for respiraticn, 
pulse-rate, blood-pressure, motor movements, and particularly mimicry 
and anger. 16 seems an obvious criticism of these experiments that the 
large area of cut nerve fibres exposed after the cortex is removed may be 
a cause for some, at least, of the phenomena observed quite respective 
of the stimulation. 

Roussy [135], after thalamic lesions, observed :— 

(1) Mouvements de manége; (2) superficial sensory changes, hypo- 
esthesia, hypoalgesia, hypothermesthesia; (8) deep sensory loss, 
evident by the loss of the sense of position of the limbs, and in the 
case of a monkey by a tendency to use the unaffected upper extremity 
more; (4) unilateral loss of hearing (in two animals). 


Anatomy. 


On this phase of the subject, among the most important studies are 
those of Kólhker' [83], Burdach [26], Edinger [45], Nissl [114], 
гу. Monakow [109], Münzer and Wiener, Ramon y Cajal [28], Bech- 
terew [12], and Probst [129]. 

We are concerned here, firstly, with the nuclei of the thalamus and 
their connections with one another ; secondly, the thalami-cortical paths ; 
thirdly, the cortici-thalamic ; and fourthly, the thalami-spinal paths, if 
such exist. 

Thalamic Nuclei. 


The nuclei of the thalamus have been variously classified. 

The simplest is that given by Kölliker [88], Obersteiner [117], and 
Marburg [98]. According to these observers the thalamus is divided 
into the following nuclei :— ° 

(1) Nucleus anterior or tuberculum anterior. 
(2) Nuclei disseminatı. . 
(3) Nucleus medius. 
: (4) Nucleus lateralis. . 
(B) Nucleus lateralis ventralis. 
(6) Centre median. Я . 
(7) Nucleus arcuatus. 
(8) Corpus geniculatum exiernum. 
(9) Corpus geniculatum internum. 
Nissl [114] describes nineteen nuclei as follows :— 
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(L) Anterior nucleus: (1) anterior dorsal; (2) anterior veniral; 
(a) dorso-medial, (b) ventro-lateral. 

(IL) Anterior median nucleus. ` EN 

GI.) Median middle nucleus. 

СУ.) Ventral nucleus of the “ Gitterschichte.”’ 

(У.) Lateral nucleus of the “ Gitterschichte." 

(VL) Dorsal nucleus of the “ Gitterschichte." 

(VIL) Nucleus of the median line. (This nucleus is split into a 
dorsal and ventral part by the median middle nucleus.) 

(VIIL) Lateral nucleus (large-celled nucleate): 

(IX.) Median posterior nucleus. 

(X. Ventral nucleus: (1) ventral lateral ; (2) ventral dorsal; (8) ven- 
tral median. 

(XI) Lateral posterior nucleus. 

(XIL) Ganglion habenula: (1) lateral; (2) median. 

(XIII) Posterior nucleus. 

Von Monakow [107]; from a large series of experiments in which 
he used for the most part Gudden’s degeneration method, makes the 
following classification :— 

(L) Tuberculum anterior: (1) anterior %; (2) anterior b; (8) 
anterior c. . | 

(IL) Lateral nucleus: (1) lateral a; (2) ‘lateral b. 

(II) Median nucleus: (1) median а (magro cellularis) ; (2) median b; 
(8) median c. 

ТУ.) Ventral nucleus: (1).ventrala; (2) ventral 6; (8) ventral с; 
(4) ventral anterior. i 

(V.) Posterior nucleus. 

Von, Monakow does not, however, consider several points of experi- 
mental and pathological import, which must be fully discussed before 
one can positively connect any one nueleus with a particular part of the 
cortex. In his investigations large areas of cortex were excised, and the 
atrophy of the thalamic nuclei was studied by Gudden’s method. In 
excising large areas of cortex there must necessarily be considerable 
thrambosis of the large arteries, and as a result a part of the blood 
supply to the thalamus may have been interfered with. The atrophy 
abserved may have resulted in part from this cause. In support of this 
criticism Beevor, in his'recent paper on the blood- -supply of the human 
brain, showed that the same vessels supply the thalamus as supply the 
superior and middle frontal convolutions. 

Furthermore, by destroying a portion of cortex from which fibres 


| | 


100 ORIGINAL ARTICLES AND CLINICAL CASES 


-&rise which only pass through the thalamus, the resulting atrophy of 
these fibres may produce the appearance of shrinkage of the nucl 
without complete disappearance. This, in fact, occurred in some of 
the nuclei in which changes were described. 

Ramon y Cajal [28] uses the following classification of the thalam.c 
nuclei. He conceives the nuclei as divided into three series :— 

(L) Lateral series: (1) external geniculate; (2) internal geniculate; 
(8) pulvinar; (4) radiate nucleus (lattice nucleus of Nissl). 

(IL) Intermediate series: (1) angular; (2) dorsal; (3) main sen- 
sory nucleus (Foco sensitivo), with its accessory or semulunar nuclei; 
(4) posterior nucleus. 

(LLL) Median series: (1) median nucleus; (2) commussural nuclei ; 
(8) middle nucleus; (4) internal nucleus; (5) ganglion habenula. 

Mann, in a preliminary paper, distinguished the nuclei as follows : 
Ee adopted primanily the old division into a dorsal and ventral portion. 
The dorsal he again subdivided into a dorsal and ventral area. Tke 
portion bounded by the surface looking towards the middle line he called 
the ventricular third, the lateral aspect the lateral third. Between these 
two lies the subventricular third. He worked on the Marmoset топке г, 
and recognized the followihg nuclei :— 

(Т) Anterior nucleus: N8. 1 а, No. 1 b. 

(IL) Ventricular nucleus: No. 2 а, No. 2 b, No. 2 c. 

(HL) No. 3 A, No.3 В, 3 Во, 3 Bb (3 В ь2, 3 В Ь 2), 3 Вг. 
(IV) Posterior nucleus: No. 4 A, No. 4 В. 

(V.) Ganglion habenule: No. 5 a, No. 5 0. 

(УІ) External geniculate body: No. 6 a, No. 6 b. 

(VIL) Internal geniculate body: No. 7 а, No. 7 0. 

(VIIL) Pineal body. 

(IX.) The retineg. 

(X. Reticular nuclei (these аже subnuclei): No. 9 a, No. 9 b, No. 9 2. 
(XI) Ventral nucleus: zone а, zone b, zone c. 

Without further detail it is difficult to compare the.nuclei thus 
designated with those found by other observers. 

Recently, while in Professor Obersteiner’s laboratory in Vienna, 
I examined thirty-four mammalian brains (marsupials to man), com- 
paring their optic thalami. This study, together with the brains of 
the cats and monkeys used in the present investigations, have led me 
to adopt, ab Sir V. Horsley’s suggestion, the following classification of 
the thalamic nuclei until the precise connections of each part with the 
rest of the bram are determined. 16 corresponds very closely to the 
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engnal description by Burdach [26], and at least for the results . 
zeco"ded below seems most practical :— Е 
-Nucleus anterior. 
Nucleus medius. 
“Jucleus lateralis (dorsal portion, ЕТА portion, ventral portion). 
-ucleus ventralis. 
Dentre median. 
Nucleus arcuatus. . 
2ulvinar. 
“he anterior of these are well seen пі fig. 28. 


Fibres Between the Intrinsic Thalamic Nuclei. 


45 to the intrinsic fibres between the thalamic nuclei, I have 
Deer unable to find any observations, except the one conjecture by 


meda 
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Proost [129] that the nucleus anterior sends its fibres to the caudate 

auceus and Lewandowsky’s. [88] belief that there is a connection 

zetween the nucleus anterior and the corpus Luysii. а 
This point is discussed. under the description of the lesions. 


| Thalamá-cortical Fibres. f 
Thalami-cortical fibres have been , described by Monakow [109], 
M. and Mme. Dejerine [40], Van Gehuchten [62], i [88], 
Rorssy [185], and Probst [129]. 


109 ORIGINAL ARTICLES AND CLINICAL CASES 


Von Monakow [107], using Gndden’s method, allotted certuin 
thalamic nuclei to definite parts of the cortex, and believed that 
most of the connecting fibres were thalamu-cortical. The accompany- 
ing drawing (fig. 1) from his article shows these connections. It has 
been pomted out why the results obtained by this method cannot 
be accepted as completely satisfactory. 

Dejerine [40], in 1901, spoke of thalami-cortical fibres, but did not 
describe from which part of the thalamus they arose, nor to which 
part they were distributed. He beheved them to be equal in number 
to the cortici-thalamic fibres. 

Van Gehuchten [62], in 1906, said the thalami-cortical fibres had ' 
their origin from the lateral nucleus of the thalamus, and that it was 
supposed that they ended in the central convolutions:and paracentral 
lobule mostly in the post-central convolution and the precentral con- 
volution immediately adjacent. 

Lewandowsky [88], in 1907, also spoke of thalami-cortical fibras, 
but gave no more detailed account of their origin or distribution. 

Probst [129], in one case on a monkey, severely injured the capsule 
near the thalamus, and, as he found degeneration in the cortex, con- 
cluded there must be thélami-cortical fibres. He ignored the fact that 
fibres degenerating from suth an extensive lesion may have had some 
other origin and considered that the accompanying injury to the corpus 
callosum was not responsible for the degeneration observed in the cortex. 
Probably some of the fibres were in fact thalami-cortical, but the evidence 
offered was not adequate. 

In Roussy’s [135] experiment on the monkey the capsule was not 
injured, but the injury to the corpus callosum, cingulum, and the slight 
injury to the superior frontal convolution, might be responsible Zor 
some of the degeneration he observed, as he himself suggests. е 
described numerous fibres passing to the frontal lobes (radiations 
thalamiques anterieures), and radiations thalamiques moyennes (fronio- 
parietales), which go to the pre- and post-central gyri and some to the 
lenticular nucleus. 

The frontal fibres he believed came from the nucleus anterior and 
internal nucleus, while the fronto-parietal fibres came from the “ ex- 
ternal” (lateral) nucleus. He also found fibres:going to the first tem- 
poral convolution and to the parieto-occipital region from the posterior 
part of the thalamus. He observed no connections between the thalamus 
and subthalamic body. Не saw fibres going to the red nucleus, but was 
not certain whether their condition was genuine degeneration or due to 

- indirect Wallerian degeneration. He observed no fibres going to the cord. 
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Cortict-thalamic Fibres. 

It has been shown by Flechsig [51], Bechterew [12], Edinger [45], 
Dejerine [40], Kólliker [83], and others, that there probably exist cortici- 
thalamic fibres. This has been emphatically denied by Lewandowsky [38], 
and v. Monakow [109] believed they were very few. Van Gehuchten 
believes they exist. Dejerine, from observations with the Marchi as well 
as the Weigert method in cases of lesions of the hemispheres in man, 
described them as going to the external, internal and anterior nuclei of 
the thalamus, also to the “zone réticulée," pulvinar, ventral pari of 
external nucleus and centre median of Luys. : 


Thalamá-siriate, Fibres. 


Fibres between the thalamus, corpus ‘striatum, and subthalamic 
region have also been described, notably by Edinger and Dejerine, 
but, owing to the difficulties underlying their demonstration, little is 
known in mammals beyond their mere existence. 


Descending Thalami-fugal Fibres. 


Investigators-are divided into two camps af to descending or thalami- 
fugal connections. One, headed by Bechttrew, his pupils, and Wallen- 
berg, believe that there are descending tracts to the cord. The most 
recent publication on the subject is by one-of his pupils, Ernst [47]. 
This work, being in Russian, has probably not received full recognition. 

His conclusions are as follows :— 

(1) Degeneration to the,medulla occurs from lesions in the posterior 
part of the thalamus only. | 

(2) The nucleus anterior and the anterior dud middle parts of the 
thalamus send no descending fibres. ` 

(8) After injury to the posterior &nd inner part of the thalamus 
descending degeneration to the external part of the anterior colliculus . 
and to the nucleus ruber occurs. . | 

(4) Two tracts were traced down to the medulla. After injury to 
Monakow’s nuclei med. a and vent. b one tract runs along the outer 
side of the fasciculus longitudinalis posterior and ends in the nucleus 
of the formatio reticularis. The other ends in the nucleus reticularis 
tegmenti. 

Opposed to Bechterew’s [8] views are van Gehuchten [62], De- 
jerine [40], Probst [193], and Roussy [135]. They believe that no 
descending tracts arise from the thalamus itself. 
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The explanation of this apparent diversity is due to the lesiors 
employed having been so gross that no accurate conclusion could be 
drawn as regards the precise source of any descending degeneration. 
The reader ıs referred to p. 151, &c., for the facts which fully explain 
the positive results obtained by Ernst. 


DESIGN OF PRESENT RESEARCH. 


From the foregoing historical account 15 will be seen that the funda- 
mental problems requiring solution are :— 

(1) The arrangement and relations of the intrinsic nuclei of the 
thalamus. ` 

(2) The existence, if any, and distribution ın the thalamus of cortic:- 
thalamic tracts. ; 

(8) The distribution and origin of fibre-tracts leaving the thalamus. 

Without anticipating the detailed summary of results given on p. 182 
at the end of this paper, ıt should be stated at once that the present 
research has definitely established the correctness of the old view first 
proposed by Burdach, and for many years the solely accepted mode cf 
regarding the thalamus—3tamely, that it is essentially composed of thres 
parts: (1) an external lying setween the internal capsule and the lamina 
interna; (2) an internal between the lamina and the median hne ; (8) ‘aa 
anterior corresponding to the nucleus anterior. 


METHODS AND TECHNIQUE. 


For the present investigation there were used sixty-one monkeys 
(Macacus rhesus) and thirty-three cats. 

The experiments will best be arranged as follows, in three groups. 
They were all performed by Sir Vactor Horsley or myself. 

Group lI.—Localized lesions of the cortex cerebri and subsequent 
anatomical investigation of the cortici-thalamic fibres. 

Group Il.—Localized lesions of the thalamus and subsequent 
anatomical investigation of the thalami-cortical and other tracts of fibres 
associated with the lesion. 

Group III.—Phenomena observed on electrical excitation of the 
thalamus and its neighbourhood. А 

The animals were all anzsthetised with chloroform or ether. Тїз 
animals in the first two groups were operated upon under strict aseptic 
precautions, kept alive eighteen to twenty-one days, and then killed 
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"with an overdose of ether or. chloroform, while those in the third group 
were killed while still under anesthesia. 


| Group I. 

The first.group consisted of twenty-four cats and thirteen monkeys. 
‘Of tiese a certain number had to be discarded, several because they died’ 
ef shock and hemorrhage, several monkeys because they died of diar- 
һова before degenerations could be studied, and a considerable number 
"ecanse of indifferent penetration by osmic acid, and a few because the 
sesicrs were not in the desired region. There remain to report in this 
group, therefore, nine cats and:ten monkeys. In these eighteen 
animals very small areas of cortex were destroyed with concentrated 
“nitric acid. The procedure of necrosis is one that has been used before - 
љу various observers, by whom, however, alkalies have been usually 
employed. A small brush with glass bristles on which all but about 
twenty bristles had been removed was used. This was sterilized and 
dried, and then dipped into nitric acid. All excess was shaken off and 
zhe zortex to be destroyed then painted with the acid. It is well to dry 
zhe zortex with small cotton pledgets just before applying the acid, so 
-hat it does not spread. As soon as the cortex is whitened, warm 
saturated bicarbonate of soda solution 1s poured over it to neutralize any 
excess of acid. With a little practice extremely small lesions can be 
made. It is important not to let the acid touch any large. vessels, as 
the ensuing thrombosis produces a larger area of softening. The 
zharacter of these lesions is shown in fig. 9. The slight depth to which 
she acid penetrates is shown in the. figure. Later several lesions were 
пабе with a galvano-cautery, and this method is more satisfactory 
Zn that its lesions may be still more „accurately defined. This series 
provided ‘material for study of the cortici- thalamic fibres. 


Group n. 


The second group contained thirty-five Е and nine cats. 
Several monkeys had to be discarded—four because the lesions were too 
igt and not in the thalamus, two because they died of diarrhoea, one 
Deccuse of poor osmic penetration, and one which became infected ; 
ive cats had to be discarded because they died of shock. There 
zennined to study twenty-seven monkeys and four cats. Here the’ 
3leczrolytic method of Seller and Verger [140] was made use of. In 
order to produce minute electrolytic lesions at known points in the 
;halamus, Clarke' S stereotaxic instrument was used. This instrument 
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has been recently described in great detail by Horsley and Clarke [75] in 
their accounts of experiments on the cerebellum. To produce lesions in 
the thalamus a series of ten animals was first prepared in whom the needle 
was introduced tarough the vertex to the frontal region. This was the 
line of approach used by Probst and Roussy, In our earlier experiments 
we used the larger needles, measuring 0°5-0°7 mm. in diameter, Sand 
sometimes the dcuble needles, measuring 1°5-0°2 mm. in diameter. ‘The 
lesion produced with the double needles is well shown in fig. 80. Even 
with the smallest needles, measuring 0'84 mm., there is sufficient injury 
to the corpus callosum to produce degeneration, which somewhat 
obscures the pictare. It is this fact which probably accounts for the 
different results obtained by us compared with Probst and Roussy. 

For this reason, in the last thirty-one experiments the lesions were 
made by introducing the needle horizontally through the occipital lcbe 
as shown in fig. 36, where the needle track as well as the lesion is 
visible. З 

This produced some degeneration from the occipital lobes, but as the 
course of these fibres 1s well known through the work of Monakow [109], 
Cajal [28], Munk [111], Mott [110], and Probst [126], and can be 
readily distinguished froih lesions in the other parts of the thalamus, it 
was of no significance. The primary object was to leave the frontal 
pre- and post-central gyri absolutely intact. As the needle was advanced 
millimetre by millimetre each point was stimulated with a faradic 
current, whose strength was regulated by a coil with the Kronecker 
graduation. These stimulations enable опе to know where the needle 
point is, and, though unipolar, furnished valuable additional data to cur 
stimulation experiments to be described under Group III. However, 
these unipolar stimulations must be used with considerable reserve or 
the reasons stated by Horsley and Clarke. 

e 
Group ITI. 

In the third group there were thirteen monkeys. In this series the 
abject was to stimulate systematically the thalamus millimetre by mi- 
metre in each lamella to determine what phenomena were obtained at 
the various points. We have confined ourselves to recording move- 
ments of the voluntary musculature as well as movements of the pupil. 
The visceral phenomena, t.e., blood-pressure changes (recorded by 
Prus [180] and Ott [119]), changes in temperature (described by 


! See Clarke and Horsley [75]. 
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Hale White [68 ]), and movements of the intestinal tract (described 
by Bechterew and others), we have not investigated, but°on the. facts 
of lachrymation, mastication, and vocalization, however, we have made 
observations,’ and believe that these мына admit of other 
expianations. 

In these stimulations: bipolar оной have plur used throughout, 
for with one electrode in the brain and the other at an “indifferent” part 
of the body, untrustworthy results, due to éscape.of current, have been 
obtained. . This question of unipolar and bipolar stimulation has been , 
dealt with at length by Horsley and Clarke in their article in Brain, 1908. 
What they found in the case of the cerebellum has been confirmed by 
the present investigation of the thalamus, for with one electrode in the 
thalamus апа the other on the trunk of the animal facial and neck 
movements were obtained by the excitation of points in the thalamus 
whith yielded no observable muscular воан at. all when the bipolar 
needle was used. ^ ШЫ. 


Position oF THE THALAMIC NUCLEI. 


On reference to Horsley and Clarke’s paper, it will be found that, for 
purposes of orientation with Clarke’s as a the bram is Зове 
as divided by three planes :— 

The sagittal plane, which passes Vaga between the two 
hemispheres. 

The basal plane, whose four points are determined by the inferior 
margin of the bony orbits and the centres of the bony auditory meati. 
The horizontal plane employed for convenience as zero is parallel to this 
and 10 mm. higher in the average Rhesus monkey. 

The frontal or inter-aural plane, perpendicular to the latter, passes 
through the centres of the two meatuses. 

The plane sections of the encephalgn, parallel to the sagittal plane, 
are spoken of as right or left lamella, I, IL, IIT, &c., according to their 
distance in millimetres from the sagittal (zero) plane. 

The height above or below the horizontal plane is designated in 
letters—thus, А = 1 mm. above or below the plane, B=2 mm., &c. 
The numbers 1, 2, 3 designate the distance in millimetres in front ‘of 
or behind the inter-aural plane. 

These planes thus divide the brain into eight segments frontal (right 
or left) above the horizontal and in front of the inter-aural planes; tem- 
poral (right and left) below the horizontal and in front of the inter-aural 
planes; occipital (right and left) above the horizontal and behind the 
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inter-aural planes ; cerebellar (right and left) below the horizontel and 
behind the inter-aural planes. 

The optic thalamus in a normal Macacus rhesus lies entirely in ihe 
frontal and temporal segments with the exception of the posterior end of 
the pulvinar, which lies in the occipital segments. 

The thalamic nuclei in a normal Rhesus, according to measurements 
from a number.of our experiments, occupy the following position with 
reference to this nomenclature. 

Nucleus anterior: Lamella II—IV, L—N, 8—12. 

Nucleus medius: Lamella I—IV, G—L, 8—8. 

Nucleus lateralis: Lamella IV—X, H—L, 4—18. _ 

Nucleus ventralis: Lamella IV—VIII, E—H, 4—10. 

Nucleus arcuatus and centre median; Lamella II—V, E—H, 4—6. 
Pulvinar: Lamella IV—X, anteriorly Е—К, two behind inter-aural 
line to four іп front; posteriorly C—G, two behind inter-aural line to 
four in front. 





RESULTS or CORTICAL Lesions. 


On Table I are recorded the results of the cortical lesions and the 
cortici-thalamic paths thus displayed., From these certain defimte 
conclusions have been reaehed. The general principle laid down by 
Monakow that the anterior part of the cortex cerebri is connected with 
the anterior portion of the thalamus, the middle part with the middle 
portion of the thalamus, and the occipital region with the posterior 
part or pulvinar, is in accord with the findings of all wotkers on this ' 
subject, notably Edinger [45], Cajal [28], Kölliker [88], van 
Gehuchten [62], Ferrier dnd Turner [49], and others. 

Zuckerkandl, Edinger [45], Kolliker [88], and Dejerine [40] 
proved that the nucleus anterior belonged to the olfactory system, 
and Edinger [45], Hitzig [72],eMunk [111], Ferrier and Turner [49], 
Probst [129] and others showed the intimate connection between the 
occipital lobe and the pulvinar. 

Tt is with the middle portion that the present,work is most ccn- 
cerned, and we have examined the conditions as they exist in the cat 
as a type of the Carnivora and in the Macacque monkey Macacus 
rhesus. As regards the cat, the relation of the thalamus to the 
gyrus pre- and post-crucialis, gyrus sigmoidalis, gyrus lateralis, and 
gyrus suprasylvius medius (cat), the Marchi method has yielded 
different results from those obtained by Monakow, who employed 
Gudden’s method. : 
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"The fibres that actually end in the thalamus and arise from these 
reg ons all enter the nucleus lateralis (lateralis а and 0 of Monakow) · 
or nucleus ventralis (ventralis a, ventralis anterior and -ventralis c of 
Moaakow). The various parts of the cortex cannot be said to be 
resarictedly connected with one or the other of these nuclei, though 
in 2very instance where the pre- and post-crucial gyri were involved 
the fibres passed to the nucleus lateralis and ventralis, In no instance 
have any fibres been seen going to the median nucleus or centre 
median. The lamina interna constitutes an absolute dividing line as 
regards the distribution of these fibres. This structure thus forms a 
mo:t important line of demarcation both for the cortici-thalamic as 
wel as thalami-cortical fibres, as will appear later (see fig. 2 e£ seg. 
Cat 99). : 


Fissura lateralis 





Ета. 2.— Cat 99 (I). 


Fissura lateralis 





тө. 3.-- Cat 99 (IT). 
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,Fissura rhinahs posterior 


Fic. 5,—Oat 99 (IV). 


Fissura postsplemahs 
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Fissura гїппай< posterior 


Fira. 6.—Са% 99 (V). 
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Fic. 7.—Cat 99 (VI). Fic. 8.—Cat 99 (VII). 





Bosdes the fibres ending in the thalamus there are also numerous 
»all-teetal fibres, as described by Edinger, Beevor and Horsley. It is 
shis group which must be distinguished carefully from the cortici- 
-halamie fibres. ; 

&n this point several of the animals throw some light, t.e., whether 
vallx—teetal fibres come in larger numbers from one part of the cortex 
shar another. In Cats 127, 131 and 283 the lesion was confined 
enti-1- or for the most part to the so-called motor area—.e., gyrus pre- 
and post-crucialis—and gave rise to no pallio-tectal fibres, or at most 
axtr=nely few, while from lesions in the suprasylvian or ectosylvian 





Fic. 9. 


ERE rhesus. Marchi preparation, showing restricted character of the lesions employed 
in Taale I. , 
R — Fissura centralis, G.Po.C. = Gyrus postcentralis. 
G.Pr.C. = Gyrus precentralis. , 1, = lesion. i 
f.d.m. = degenerated pyramidal fibres. 


"h the excellent text-book by Flatau and Jacobson [50] these gyri are spoken of as pre- 
and ©st-central. This attempt to correlate these gyri with the gyri of the same name in the 


humz and anthropoid cortex is not satisfactorily proven» I therefore adhere to the old 
nom=iciature. - 
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ааа aah fibres’ arise. The meaning | of this faet. seems per- 
fectly evident, for from the pre- and post-crucial gyri no ocular or 
auditory stimuli can be elicited, while. from the ectosylvian „апа 
suprasylvian gyri movements of eyes and ears are obtained upon ` 


— faradic stimulations. 


In the monkey (Macacus rhesus) ónly the pre-central and post-central 
gyri (see figs. 10 et seg and Table I) were explored by limited lesions 
with a view to determine their relation with the thalamus, and what 
difference, if any, existed between the thalamic fibres arising from the leg 
and arm area. In the monkey, as in the eat, the cortici-thalamic fibres 
were traced exclusively to the nucleus lateralis and nucleus lateralis (ventral 
part). No fibres passed beyond the lamina interna (see.figs. 10 et seq) 
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2)- she distribution of fibres from each of these gyri). In view of she 
:cntroversy as to the functions of these two gyri the quantitative 
~€.avlon between the fibres going to the thalamus seemed of partictlar 
tnezest, as possibly throwing some light on this question. It must, 
of course, be remembered that in the Macacque brain the pre- and 
pest-central gyri are not as definitely differentiated as in the antkro- 
pics or man, yet the movements on cortical stimulation are all much 
more distinct pre-centrally By destroying the pre-central arm or leg 
aew we have endeavoured to find out whether these movements nad 
asc post-central localization, or were only due to spread of the current 
As fur as the thalamic distribution of cortici-thalamic fibres could be 
aade out there seems to be no difference between these two gyri. No 
з sential difference was observed between the distribution of the fibres 
‘worn the leg and arm areas, but before an absolute opinion can be 
rendered on this point far more work is necessary than it has been 
possible to do here. 


Pallio-tectal System. 


The question of the structural changes,set up by lesions in the 
taalamus has so far been discussed withogt reference to fibres waich 
ace wansmitted through the thalamus, such as the system of fibres 
which directly connects the pallium with the tectum or corpora 
cuudrigemina. These fibres, first observed by Edinger [43] and 
Boyce [24], and subsequently described in the higher mammals by 
Beavor and Horsley [20] and Simpson [1434], consist of two sets, 
corsal and ventral. The dorsal group leave the internal capsule 
cppesite the upper third of the thalamus and run backwards to gain 
the outer side of the colliculus anterior, whereas the ventral group 
co not take origin from the pyramidal system until the crus is 
»eached, when numerous fibres cross the corpus Luysii and extend 
ю the posterior colliculus 

The present research has fully confirmed this grouping of the pallio- 
-ectal system, and has further extended knowledge of the regions of the 
»ortex whence the palhol-tectal fibres arise, so far as the temporal lobe 
an Rolandic regions are concerned. 

The lesions of the temporal cortex given in Table I produced a 
sharacteristic degeneration of the pallio-tectal system, fibres being 
litmbuted to both colliculi as well as to the thalamus and pons, 
us described by Beevor and Horsley [20] (see figs. 18 e£ seq., Cat 208). 


No. Lesion 








Cat 99 jArea 10 x б mm. 
on both sides of 
suleus lateralis, 
anterior third of 
upper border of 
gyrus  supra- 
sylvius 





Sat 185 Área 5 x 11 mm. 
f Anterior half of 
gyrus anterolater- 
. | alis and anterior 
end of gyrussupra- 

sylvius medius 


Cat 189 |Атев 5 х 15 mm. 
Posterior part of 
gyrus post-crucia- 
tus; gyrus supra- 
sylvius medius 
and a corner of 
gyrus antero- 
lateralis 


Cat 127 |Area 4 x 15 mm. 
‘Gyrus cruciatus 
posterior and an- 
terior; gyrus 
| suprasylvius (an- 
terior extremity) 
coronalis (shghtly) 





Cat 283 |Area 8 x 12 mm. 
F Post-crucial gy- 
rus, anterior end 
of gyrus antero- 
lateralis and gy- 
rus suprasylvius 

medius 


Cat 131 jArea 5 x 10 mm. 
Gyrus cruciatus 
anterior and pos- 
terior 5 





TABLE I.—Cortical Lesions. (А) Cat. 

















Fibres to homo lateral 
thalamus 


Fibres m two groups to 
lateral nucleus separated 
by external реп:сша.ө; 
fibres dorsal to this mos Лу 
pallio-tectal, though some 
few break up in lateral 
nucleus of thalamus aad 
pulvinar; those vent-al 
to geniculate all end їп 
lateral nucleus (ventral 


part) 


(Fibres running throuzh 
posterior part of tham- 
mus; в few fine fbs 
also break up in пїс]ель 
lateralis (ventral portion) 


" 
Й 


E 


A few fibres to nuclets 
lateralis ventral portior 


i 
' 


A few very fine fibres n 
ventral portion of lateral 
nucleus 


Fibres to ventral part cf 
! nucleus lateralis 





' M 


Fine degeneration in nu- 
. cleus lateralis ventralis 





2 These figures refer to the strength of tke 


ı ihe 2 umber refers to the page in the Notes Ledger.) 





Fibres to other regions 








T bre pass into middle third of crus ; 
Жош nere behind corpus subthala- 
uct. they pass up into anterior 
coli ilus. А few fine fibres go 
znte iorly into subependymal tissue 
1fasc-calus subcallosus), these traced 
$onw.:d to back of rostrum, and 
post rorly only a short distance 
uppcsie about the middle of thala- 
mus Cord no degeneration 


Poillictectal fibres in large numbers 
Tunring across posterior part of 
£haluus to anterior colliculus; а 
~ery-fiw degenerated fibres in pyra- 
znidzl tract. Subependymal fibres 
are [alf the size of pyramidal fibres 
znd >» ке their origin to the inner 
side 2 the pyramidal fibres 


— fev bres to nucleus lateralis of 
eontclateral thalamus. Fibres to 
nucExs of cius and tuber cinereum 
of D h sides, Pallio-tectal fibres 
-unring through lateral nucleus 
and ud in large numbers through 
azuebcs ventialis abd locus niger. 
The-z .nterlace with the fillet fibres, 
Mary of large pyramidal fibres end 
npors Cord clear 


“The i-generated fibres occupy the 
nner and middle third of the crus. 
Jross pyramidal tract degenerated 
п cord,  Subependymal tissue 
shor: no degeneration. А very 
Zew pillio-tectal fibres belonging to 
abe 3-uro-tectal group 


4 fev inferior crural palho-tectal 
fibres pyramidal degeneration in 
corc 


Exteasive degeneration in pyramidal 
trac in cord ә 





Symptoms 


Slight loss of sense of position 

of contralateral fore-leg. No 
tactile and temperature sen- 
sory changes. Grips floor 
poorly with contralateral fore- 
leg 


Right fore-leg at times seems a 
httle weak in gripping the 
floor. All else negative i 





Shght loss of sense of position 
of right fore-leg. АП else nega- 
tive. Grips floor poorly 


Loss of sense of position of right 
fore and hind leg Loss to 
pain and temperature on right 
extremities. Grips floor poorly 





with 1166 extremities 


Loss of sense of position of right 

fore and hingl leg; grips floor 
poorly with both these legs. 
Cold water not felt on both 
contralateral legs 


Shght loss of sense of position 
in right fore-leg, grips floor 
weakly with right fore-leg. 
Tactile sensation normal i 





Remarks 


Electrical stimulation 
of sigmoid gyrus on 
operated side showed 
motor cortex norn- 
ally actuve. Drooping 
and pricking of ear 
obtained from upper 
end of gyius ecto- 
gylvius anterior. The 
latter weak Current 
2000'. 


Stimulation of the gy- 
rus sigmoidalis guve 
strong contraction of 
right hind leg, but 
very weak ones of 
right fore-leg. 





rade current as indicated on the Kronecker coil, 
ГА 


Я 


^ 





No. Lesion 
Cat 151 |Area 10 x 10 mm. 
Gyrus ectosylvius 
posterior and 
medius и 











Cat 181 |Атев 7 x 13 mm. 
Gyrus ectosylvius 
anterior and 
medius; top of 
gyri Sylviianterior 
and posterior 


Cat 103 |Атеа 5 х 5mm in 
gyrus ectosylvius 
posterior. A 
small injury in 
the gyrus supra- 
sylvius medius 





Rh. 189 [Leg area paracen- 
tral lobule, corona 
radiata (needle 
track) 


Rh. 817 |Precentral gyrus 
leg area 


+ 





Rh. 327 |Precentral gyrus 
leg area 


E 























.Fibres to homo lateral 
ihsiamus 
Fibres enter posterior part 
of nucleus lateralis above 
and afew below external 
geniculate ; some also go 
into pulvinar 








Fibres “to ventral and 
' posterior portion of nu- 
cleus lateralis 





ў 
Fibres run through pos- 
terior part of lateral 
nusleus to anterior colli- 
culus: some break ur in 
lateral nucleus and in 
pulvinar region 


(B) М, onkey (Macacus 


Fibres break up in nuclaus 
lateralis and zone grillagé 


Fibres (collaterals of 
second degiee) to second, 
third, and fourth, fifzbs 
of lateral nucleus and to 
nucleus of lattice layer 





` 


Fine collaterals to midile 

third of nucleus of lat- 
tice layer and lateral 
nucleus 





em a SA SE d 


Fibres to othe regions 





Sally -rectal fibres to anterior colli- 


sulcus and a few to posterior colli- | 


vulis, Tirck’s bundle ending in 
von as low as most anterior plane 
of fourth nucleus; fibres in stratum 
zonzle pass into anterior colliculus ; 
som fine fibres to ternal genicu- 
late Coid no degeneration 


Palli-sectal fibres. Fibres in Turck’s 
bur» 


тїзгє in capsule pass down to crus 

in Suter third, including Turck’s 
burdic. The internal portion ex- 
ceps Turck’s bundle зоп up into 
ant2nor colliculus and posterior 
col.culus. Turck’s bundle ends 1n 
upper parbof pons. Subependymal 
fibres run forward and back a very 
shet distance. Cord no degenera- 
йог 


theus)—(1) Gyrus Precentralis. 


Nil 


Dorsal third of corpus callosum to 
sy-ameirical point 1n opposite gyrus 
pr -contralis 


Fe. fibres scattered through the 
vertical depth of the corpus callo- 
sum, few fibes scattered over 
cr ssed pyramidal area in cord 


Symptoms 


Remaiks 





Nil. 


Nal, 


Responds normally to all tests. 
No changes either motor or 
sensory 








Right arm and leg paretic 


(See later communication) 





(See later communication) 





Gyrus sigmoidalis re- 
sponds normally to 
faradic excitation. 


This ease is also re- 
ported in Table II 
under Thalamic 
Lesions. 


No pallio-tectal fil res. 


Lesion very super- 
ficial; very few Betz 
cells affected. 








No. Lesion 





Rh. 185 |Precentral gyrus; 
arm area almost 
completely de- 
stroyed 


Rh.148|Precentral gyrus 
arm centre, and 
lower part of leg 
centre | 


D 
Й 





: ! 
Rh.301|Precentra] gyrus 
arm area, 


Eh. 177 |Postcentral gyrus 
opposite arm апа 
leg centre; throm- 
bus in corona 
radiata destroying 
presumably also 
precentral gyrus 
fibres 


Eh. 165 |Postcentral gyrus 


leg centres 





Fibres to homo-lateral. 
thalamus 





opposite arm and" 











Fine fibres occupying 
muddle third of latcral 
nucleus vertically ound 
antero-posteriorly 


Fino fibres run to ventzal 
part of nucleus laterals 


Fibres to second and thd 
fifths of the nucleus of 
the lattice layer and ёле 
lateral nucleus 





(2) Gyrus 


Find. fibres enter midde 
third of lateral nuclecs 
and break up гр its outer 
portion, occupying 1n area 
& narrow vertical slip 


‘Fine’ fibres to nucleus 
i lateralis and to its ver 
| tral portion. m 


, 





Tibres to other regions 








E ;ran-dáal degeneration in the cord 


—yranadal fibres in cord 


Arcuase fibres pass to upper third of 
зуга. precentralis; generally distri- 
bute fibres in corpus callosum pass 
to opposite gyrus precentralis 


Dosteentralis. 


Fibre ш pyramidal tract 


Nu 


Symptoms 


Paresis of right arm. 


Two days after operation hemi- 
pleme attitude of right arm 
and leg, knee-jerks equal; no 
extensor response of big toe 
Eighteen days later: knee-jerk 
more active right than left, 
hemiplegic attitude of right 
arm, dorsal extension of toes 
of night foot; right big toe 
flexor, left toes all flexor, 
clumsy in jumping; sensation 
apparently normal 
(See later communication.) 








Uncertain with right arm and 
leg when jumping; left arm 
used more readily than right; 
weak in nght arm and leg; 
no alteration of sensation to be 


made out » 


No motor or sensory changes to 
be made out, knee-jerks equal 
on both sides 





Remarks 


Electrical stimulation 
gave with coil 500, 
movements of right 
arm, face and eyes ; 
no movements of 
right leg; thumb 
movements obtaincd 





pre- and post-cen- 
trally. 
jArm, leg and face 


centre excitable with 
faradic stimulus. 


Cortical stimulation 
showed no definite. 
results, as monkey 





weak from diarrhosa, 
killed on eighteerth 
day. 


Rh. 299 





"besion 7 Diagram орао ome -latoa 





Fine fibres to ventral half . 
of nucleus of lattice ayer 
and .ventral half of nu- 
cleus lateralis’ 


Posbcentral gyrus 
opposite агт |: 
centre 








Postcentral gyrus Fine collaterals to nu-leus 
opposite arm - of lattice layer and cor- 





centre , responding ventral half 
, of the lateral nucleus 








Fissura lateralis. 







Fissura suprasylvia 











Mh 
IHN 


ac) 
| pouf: 
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i 
ү 
ОЗАР йг 
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beh 


йй Es 


| 














Fissura 
rhinalis posterior 


УА, 
Ета. 18.—Cat 108 (Т). 





Fissura rhinahs posterior 


Fra. 19,—Cat 108 (П). 


\ 


P 





Fibres to other regions 
-iadiun fibres in corpus callosum 
grossing to corresponding contra- 
later-l cortex; very few fine col- 
Іафег: Је to contralateral thalamus 


Zfumcrans fibres crossing corpus cal- 
losuz in dorsal half to correspond- 
tng contralateral cortex ; arcuates to 
upper part of. postcentral gyrus 
from lesion ; fine collaterals to cor- 


(See later communication) 





4 ^ 
(See later communication) 


Remarks 





No pallio-tectal fibres ; 
no pyramidal fibres 
traceable beyond 
pons. 


No pallio-tectal fibres ; 
yramidal fibres of 
two classes—(1) the 
majority fine, (2) a 
few coarse. The 


former not traceable 
beyond the pons. The 
coarser extend in the 
-cord as low as the 
lumbar region. 


zespending contralateral thalamus 
апо 











» 


Fissura postsplenialis 







issura suprasyvlia 
posterior 


Nur  Turck's : d 
bundle Fissura rhinalis posterior 


Fic. 20.— Cat 108 (Ш). 


Post corpora quad. : 


Sup olive 


N.VI 


Fre. 22.—Cat 108 (V). 





Fra. 21.—Cat 103 (IV). 


2 м 


The eee of the Rolandic region eden: area), shown in 
Table I, are particularly interesting, as they appear to bring out a 
point which, if correct, would be of both паи and physio- 
log cal importance. - ^ 

In thé present research the limited lesions ot uis gyrus precentralis 
in the monkey (five operations), and of the sigmoid gyrus in the cat 
(ore operation), correspond to the findings of Béevor and Horsley and 


io 
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of Simpson respecting the post-crucial gyrus of the ‘dog, in that they 
were not followed by any pallio-tectal degeneration. On the other Land, 
those lesions in the cat (see Table I) in which the gyrus coronalis was 
involved pallio-tectal fibres were found, and from a re-examination by 
Sir Victor Horsley of the series made by him in 1900-1902, by the 
undermining method, ıt is evident that in those experiments the corona 
radiata fibres of the gyrus coronalis were injured, and consequently that.. 
the pallio-tectal degeneration in the cat, observed by Beevor and 
Horsley, referred to lesions whieh involved the entire excitc-motor 
cortex and were not limited to the sigmoid gyrus alone. 

The interpretation to be put upon these facts is that while the 
cortical excito-motor area for the conjugate deviation of the head and’ 
eyes may be associated with the colliculi by pallio-tectal fibres, that for 
the limbs is not (see figs. 23 e£ seq.). 

Further investigations on the monkey will dat this o 


Fissura suprasylvia 












Fissura 
coronalis 


degenerated . 
fibres 


A 


P Fissura 
coronalis 
Fissura 


cau 


Fie. 24.—Cat 131 (П). 


anteri 
colliculus 


fine Eur deg.in pyramidal tract 
part of lateral nucleu ii 


Fic. 25. 


ELECTROLYTIC LESIONS IN THE THALAMUS. 


ж 


Nucleus Anterior. (Figs. 26 and 27.) 


€ PN йог side e of ihe аран 18 regched, practically all ihid fibres 

ve entered the caudate. The few remaining fibres enter the caudate - 
‘he external, lateral or capsular side. No fibres pass to the cortex, 
this fact further tends to substantiate Ioni view that d 
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[.—Lersions oF NUCLEUS ANTERIOR. 





Fic. 26.—[Rh. 189. 





Fic, 27.— (Rh. 222. 


L by AN The localized lesion in the nucleus anterior. A thrombosed 
vessel is marked L also just below the splenium. 
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No Ebres were observed. passing to any other region. The other 
e nuclei were all clear. There were no degenerated fibres seen 
esver spinal axis, except in the pyramidal tract, in those cases in 
1ick the motor cortex was injured by the passage of the needle. It 
ulé seem, therefore, from the present research that the anterior 
leus :s an intermediate station between the corpora mammillaria, 
m which it receives impulses coming through Vicq d'Azyr's bundie 
d tee eaudate nucleus. 
Aa seen in fig. 26 S C, the fibres which, as above described, pass out 
баа the caudate nucleus are gathered together in a felt-work or 
stle separating the nucleus caudatus from the neighbouring more: 
entra. rucleus lateralis. This is evidently a prolongation outwards mI 
tatum zonale, and, as it probably contains several systems of fibres, 
shoulé receive special attention and designation, such as sfr nium 
bean tum. 

























Nucleus Medius. (Figs. 28-30, inclusive.) 


In Rhesus 169, 288, and Cat 95, lesions. were made. in the median 
cleus. "The lesions in the two monkeys were, sufficiently far from the 
vine aterna to leave it absolutely intact. They. constitute, therefore, 

f by themselyes, for which Cat 95 but furnished confirmatory 
её. since in that experiment the lesion involved slightly ihe. 
erngl superior third of the lateral nucleus. 

The two pure lesions present a picture resembling in most respects 
at seer in the nucleus anterior, and lead. to the inevitable conclusicn 
taat Pe datter must be classed in the same category with the median’ 
cleus as part of the internal thalamic segment (Burdach). : 


























Group I.—Latera] Fibres. 





“The outwardly directed fibres which become visible after lesions of 
t je msdian nucleus pass out into the lamina interna at its superior 
ortiex, just below the nucleus anterior, and run obliquely across the 
| gapericr part of the lateral nucleus, and end in the lower border of the 
капае nucleus, where they break up into a large number of smaller 
res. in passing through the superior part of the lateral nucleus the 
res of the median are strictly confined to a triangular area bounded 
by the caudate nucleus, externally by the remainder of the 
hird of the lateral nucleus, and internally by the anterior nucleus 
ikoma interna. As more fibres seem to enter this triangular area 
B VOL, XXXI, ^ 7 АЕ Е LR 
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IL—LxstoNs of Nuctevs MEDIUS. 





A Fic. 28.—[Rb, 228.] 


Lesion confined to outer segment of nucleus medius and sending fibres 
into lamina interna, &с, 
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Ета. 30.—[Rh. 119.] 


Leiom by vertical penetration. Numerous fibres passing out to stratum sub- 
caudatum, Se. Note track of needle and electrolysis of fornix, F. 


,9 ‚ 
then pass beneath the nucleus caudatus, some of the fibres presumably 
end in -hbe dorsal third of the lateral nucleus. 


Group II.—Median Fibres. 

The fibres proceeding inwards from the lesion are far fewer in 
mube-, беу һауе an oblique inward course, are of fine calibre, and 
гил but s short distance. Their direction is towards the lower and 
po«erier part of the commissura mollis, but they cannot definitely 
be traced beyond about 2 mm. in the median nucleus. Their direc- 
tien, however, suggests that their destination is the point mentioned 
abeve, which corresponds to the position ФЁ the nucleus reuniens first 
de ecribed by Edinger [45] in lower vertebrates, observed by Ziehen [161] 
in the marsupials, and which I [137] found to be constantly present in 
the шалпьаһап thalamus. 

In 3h. 169 a few fibres were traced to the centre median. 

The foregoing were the only degenerations observed after lesion of 
the medin- nucleus. 


Nucleus Lateralis. (Figs. 28-38 inclusive.) 


If те nucleus lateralis be divided into thirds—dorsal, middle and 
veatral—is is easier to present what has so far been absolutely ascer- 
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tained by preceding = “concerning the: ааа оаа of the 

nucleus. ae 

Тһе only points which may be properly termed proved are (1) the ү 
termination of the fillet, and (2) the ending of the superior pedurcle of 
the cerebellum. Of these the former, first established by Monakow[109] 
and by Mott [110], and subsequently confirmed by all workers, has been — 
further firmly established by Ramon y Cajal's description of the “nucleus” 
in the middle and ventral third of the nucleus lateralis, which he termed = 
the “foco sensitivo ” and its accessory nuclei. 

The erroneous views of Tschermak [151], unfortunately accepied by 
many writers, viz., that the fillet fibres pass through the thalamus со the 
 post-central region of the cerebral cortex, need not be now discassed ; 
but the question of genuine transmission fibres running in this part of 
the thalamus becomes of great importance, as many—e. J- the pallio- 
tectal series—pass through the lateral nucleus. | 

In three experiments in the present investigation the distribution of 
the fillet fibres as described, viz., in the ventral third and lower Баі of 
the middle third of ‘the lateral nucleus, was well shown. Я 

As regards the second point, the yet unpublished . resulte a a 

large series of exper iments by Horsley and Clarke show that an anpor- 
"tant part of the distribution of fibres of the superior peduncles occurs in 
the upper part of the nucleus lateralis just above that of the fillet. This 
iis in accord with the results of the stimulation experiments described 
below. At the same time it will be remembered that the rest of the dis- 
tribution of the peduncle in the thalamus is wide—i.c., in the ventral 
nucleus | (Probst [1234]) and in the inner segment of Burdach of both. | 
thalami (van Gehuchten [62]. 5 

The details of the cases of lesions strictly ыа io the nucléds 
~ lateralis must now be considered, and particularly from the point cf view - 
of their demonstrating the eXistence and localization of the system of 
thalami-cortical б which, though often. described with confidence, 
had, as Roussy [135] shows, never been proved to exist by a pure. 
lesion of the. thalamus and consequent degeneration, until his experiment. 
on a monkey. 

, The pure lesions of ihe nucleus чагаа obtained in the present. 
research are seven in number, viz., six monkeys and one саб. vum 

They ; are distributed as follows : ‘Dorsal third, 228, 232, 240; middle 4 
third, 261, 270, 247 (сай) ; ventral third, 272. (dorsal border). a 


1 This whole чаво, and especially - the. bilateral distribution af the pedoncie, will 
shortly be discussed ir т Бону апа Clarke: | : > 
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Аз before said, each lesion produces, as a rule, an external or laterally 
rumnms group of degenerated fibres and an inwards directed or mesial 


gro] 


IH.. LESIONS or NUCLEUS LATERALIS. 





Fic. 31. 


Lesion of upper third of nucleus lateralis, showing strong bundles o 
ierated fibres running up and out into capsula interna and stratun 
subeasudatum, 





Fic. 32, —[Rh. 261.] 


Extremely localised circular lesion in nucleus lateralis. 
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Group 1.—Lateral Fibres. 
The first striking fact is, then, whereas from the median and arterior 
nuclei no fibres pass to the cortex directly, all the lesions of the nacleus 


lateralis cause degeneration of thalami-cortical fibres. 





Fic. 33, —[Rh. 289.) 





Fic, 34.—[Cat 247.] 





U^CTURE'AND FUNCTIONAL RELATIONS, OF OPTIC THALAMUS 


=cond, that the thalami-cortical fibres are revealed by 


› be arranged dorso-ventrally. 


third is. that the thalami-cortical fibres furnished to the 


oyri differ in number and size very materially. 





Fic. 36.—[Rh. 270.) 
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Sulcus praecentralis 
Б A ‚ inferior 








Fic. 39.— Rhesus 261 (1). 


Sulcus praccentralis 
27 superior 0, 


|. Fissuta 
Syivii vsu 








Fig. 40.—Rhesus 261 (ID. 












5 praecentralis 
iBierior | 








..Fissura 
LI" Sylvii 
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The first point confirms. the fundamental conception of Burdach 
fore referred to, and will perhaps lead to wider generalizations on 
ike comparative neurology of the thalamic nuclei. From the most 
aatecier portion of the nucleus lateralis fibres proceed, as seen in 
39, 40, &c., from Rh. 261, to the gyrus frontalis superior. The 








Sulcus praecentralis 


P superior 






== Nant 


— lesion 


a VA. 


Fissura 
Sylvii 





Fissura 
C Sylv 


N.LEN. « A 





N.R. 


нш 
Fic. 43.— Rhesus 261 (V). 


nd point. is one of great practical import, and must receive further 
ntion. In the first. place. the thalami-cortical fibres derived from. 
ж lesions of the ventral region of the lateral nucleus are distributed 
їое so-called motor area and the post-central gyrus. 





ЕРУ 


*Tbwil be noted that this statement i is conditioned by reference to the exact lesions photo- 
graphed. Ibis, of course, left o th Beighbonring parts, of then nucleus lateralis send 
lies to regions of the cortex o ecified, - oy 












| Fortherisus, from the dorsal part of the | сасе. шы thalaiai- 


cortical fibres pass in numbers to the lower limb area of the cortex, from 








¿the middle part to all three areas—lower limb, upper limb, face; wh le 
from the lowest lesion of all the degeneration can be traced into the 
cperculum and facial centre only. 

This dorso-ventral topographical order of A jation is what 
might be expected to exist, but the strikingly sharp. delimitation of the 
face from the limb areas as receptors of thalami-cortical fibres could not 
have been justly surmised. E 








— Fissura 
Sylvii 


MEY 


Nucleus ПІ 
| ^2) Ето. 44,— Rhesus 261 (VI). 
Reference to figs. 45-48 will show better than description how 
extremely. sharply defined is the supply of thalami- cortical fibres to 


Sulcus- piaabentralis 
superior 





Nant, 
ee 


Я Fissira 
-- Sylvii g 


Sulcus temporalis 
"superior 
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the face area, aaa how this affords a contrast to the associated supply 
of ibe two limb areas. 
As regards the recent work by Brodmann and Campbell [29] on the - 
diss: bution of the large Betz cells of the so-called motor region, it will 
be seen that in part this distinction between the two groups of thalami- 
cortical fibres follows the grouping of the large pyramidal cells, but more 


Fissura 
A. Sylvii 


Fic. 47.—Rhesus 272 (III). 





caanot be said on this point as yet. It, however, leads naturally to the 
nest question, the third named above—i.e., the distinction in number and 


sze of the thalami-cortical fibres supplying the pre-central and post- 
central Буп. respective From sagittal section-series it was at once 
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evident that far more thalami-cortical fibres proceeded to the pre-central 
than to the post-central gyrus. This discovery was contrary to precon- 
ceived opinions, and therefore was investigated with special care. It then 
became clear that, besides the question of number of fibres, their relative 
diameter must be taken into aceount; and it was found that, whereas 
the pre-central received a large number of fibres, a few of which were 
large, very many medium, and some fine. the post-central received fine 
Fbres, with a very few medium ones. 





Clearly there is a. definite morphological difference in the supply cf 
fibres to the two gyri from the optic thalamus, and the net result is tha: 
a larger number and larger-size@ fibres pass to the pre-central gyrus 
(gvrus frontalis ascendens). 


Group I.—Mesial Fibres. 


In three cases! it was found that from the inner side of the lesior 


medium-sized and fine fibres passed to the “centre median” and the 
nucleus arcuatus (aee figs. 35-37). This is especially important, as the 
lesions furnishing these connection paths are all situated in the dorsa! 
third of the nucleus lateralis. A certain degree of fine degenerated fibres 
and collaterals (?) ean be seen extending all around the lesions for about 
one-fourth of the«diameter of the nucleus. 


! Rh. 228, 232, 240, 
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Lamina Interna. 
In two cases—Rh. 111 and Rh. 289—the lesion was situated in the 
ierna, and caused consequently a limited destruction of the 


lamina 
mner margin of the lateral nucleus. 


Y.—LrzowNs oF LAMINA INTERNA AND ADJACENT NUCLEUS LATERALIS. 





Fic. 49.—[Rh. 267.) 
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Fia. 50, —[Rh. 111.] 


The resultant degeaerations were the same as those of a primary 
and restricted lesion of the lateral nucleus. 








Fic. 51, —[Rh. 111.] 
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esion of upper angle of nucleus lateralis dividing also the tenia thalami 


V —Lesions OF CAPSULA INTERNA AND ANTERIOR MARGIN OF 
NUCLEUS LATERALIS. 





Lesion of депи and pars anterior of capsula. int 


fd thalami-subcaudate fibres degenerated. 
d pyramidal (descending) fibres degenerated 





RI VOL. XXXH 10 


Fie, 54.—(Rh. 236.] 
Note the considerable mass of thalami-cortical fibre degeneration, 





FUNCTIONAL RE TIONS OF OPTIC “THALAMUS E 


бийге M odian ud Мар. РР 


hese iwo nuclei have -been grouped together as they are closely 
ed with one another, and seem to receive similar fibre supplies. 
ea has been prevalent for some years, though no positive propt inc 
rt thereof has hitherto been furnished. 
Lesions in this region were successfully made in five animals.“ Та 
216 and Rh. 218 the lesions were confined almost exclusively to ut 
us arcuatus; in Rh. 275 the centre median alone was injured ;. 
the border between the centre median and nucleus lateralis was 
гей, but so slightly that none of the degenerations characteristic of a 
d. nucleus lesionz—as described. in the preceding pages—were | 
In Bh- 87 both. the centre median and nucleus arcuatus 


Ето. 55, —Rhesus 275 (1). 
re destroyed, as well as a considefable portion of the nucleus 


‘Thre principal facts are observed in these cases :— 
i—The complete absence of thalami-cortical fibres. Not. only 
з ne fibres ever seen going to the cortex, but all fibres from centre 
edian and arcuate lesions stopped in the inner half of the lateral. 
leus—i.e., before they reac hed the internal capsule (see figs. 55, 56). | 
Second.— That all the fibres go to th. nuclei immediately adjacent, 
| that these fibres all run a short course, yet are of. medium calibre. 
en the nucleus. arcuatus wa involved, as in Rh. 216, 218, and 87, 
1 it to thalamic nuclei with the exception of the 
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Sulcus praecentralis 
superior 











Sulcus praecentralis 
inferior 


| ril 
ГА 


Wye 
wi 





ШШ 
ҮҮ 
» 


Lesion and 
needle track 


Ant. Brach. 


Fic. 50.—Rhesus 275 (1). 


VI—Lesions ОР CENTRE MEDIAN AND IMMEDIATELY ADJACENT 
REGIONS. 





nucleus. anterior. When-the centre median was alone involved, es in 
Rh. 275 and Rh. 267, no fibres entered either the median or anterior 
nuclei, but шапу passed to all the other thalamic nuclei. 


X 
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Гама. —Тһеге were no descending fibres to the mesencephalon. 
Paese facts clearly show that the centre median and nucleus 


meats are association centres and connect the various nuclei with one 





Fic. 59. - (Rh. 273.) 
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> 


Fic. 62.—[Rh. 218. ] 


another, though they seem to be much more intimately associated with 
the lateral’ part of the thalamus than with the median portion. The 
adysability, therefore, of keeping the original name suggested by Luys 


seems apparent. 
. 





Fic. 63. 
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In Rh. 87 a further important point developed, which is well 
shown on fig. 66 The lesion, as described in Table II, injured she 
nucleus ventralis. From this region the posterior longitudinal bundle 


is seen to degenerate downwards, and sends collateral fibres to she 


following cranial nerves: V, VI, VIII. X 
4 1. 
TN, P А 


| 
| 








Fic. 65.— [Cat 95.] 





Held [70] and van Gehuchten [62] regard. d the posterior longi io 

. tudinal bundle as a descending tract, while Kölliker [83] and Cajal [28]... 
believed it was an ascending one. The rst two observers differed ағ tio 
the origin of the tract. Held thought it came from the anterior cclli- 
culus, while van Gehuchten found it arose from the grey substance just 
above the third nucleus, which he calls the. superior. nucleus of .he 
posterior longitudinal bundle. As a matter of fact the bundle con- | - 
tains both ascending and descending fi 8, and in the present case i 
evidently the latter portion arises higher than those observers thought  . 
—namely, in the ventral nucleus of the thalamus. This is the олу 
instance found in these experiments of. any fibres from the thalariic 
region going into the spinal cord. a » 

The injury in Rh. 87 to Meynert’s bundle ш its degeneraton | 
down to the interpeduncular ganglion. SEE 





































Pulvinar. 


о lesions were made in the pulvinar alone, since to obtain’ control 
observations on this region the needle should be introduced from the 
ont, and, as the technique of this procedure would have involved special 
alterations of the apparatus, this part of the examination of the fhalancus 
was left to a future research. 


Hypothalamus. 


.. In the course of this work several lesions were made in regicns 
. adjacent to the thalamus, and us the resultant degenerations throw mere. 
> light on the relations of the thalamus to hy бошар centres th2y 

' will be now described. : 

These cases were Rh. 203, 207, 251, and эп. The first three have 

many points in common. . a 
In all these the median fillet? was шше], either as it passed arouad: 
-the outer side of the red nucleus, or somewhat more dorsally, or again 
anteriorly, where it begins to spread out into the ventral portion of tae 
lateral nucleus. As a result of these. lesions the final distribution of | 
“the fillet’ is. well seen, and again proves beyond all question that ^ 
the view of Tschermak [151], that the fillet fibres end in the cortex, is 
p. not correct, E : 
In Rh. 207, where there was a sight injury to the ventral nuelevs, - 
a few fibres coulé be traced towards. the opercular region, where | they: 
branch off from 1 ] са ) 48. 





tend: to окай the findings. in Rh, 972. Except for the flet | 
md no other fibres pass to the thalamus from Forel’s field, which wás 
dn ived i in each of these lesions, and in Rh. 207 the few fibres entexing 
- arcuate and centre median arise from the point of injury of the : 
vertral nucleus. 
The lesions may now be considered in detail under the head. of 
-Forel's field ; (b) Nucleus ruber.. : e 


(a) Forel з Field. 


©[ the three cases of lesions in this region, Rh. 203 and 207. 
atbited the focus as situated in the junction of the outer and middle 
-rds of the more dorsal part of the field, while in Rh. 251 the lesion: 





| njury to ж тне fillet or ventral prp there were. to be seen 
two groups of degenerated fibres рой — from the lesion 


Gop I L—Lateral Fib 





Group II. —Mesial Fibres. 


_ 'The mesial degeneration consisted of (1) a very interesting mas 
e and medium-sized nerve fibres forming the “inferior peduncle of 
anns " odd (see dins ux and 71 and 72 FOR), but whieh 


ing over the whole of the medial part of the. field of F orel 
ag numerous fine кшен or ешш. in the ventral nuc 


al 

Тһе fibres observed to degenerate therefrom are divisible 
lateral and a mesial or ventral group, as in the case of th 
naclei. 

() Lateral Fibres.—A small number of medium-sized fibres passed. 
outwards and upwards into the lateral nucleus and into the centre | 
median. According to Horsley and.Clarke these are fibres of the. 

oerior г cerebellar pedicle, i.e., fibres in transit, but whether any also 


К Mesial Fibres.—These are ітасеаЫе donnan and inwards, 
ing in Forel's commissure and divisible into two groups, as described 
ів Table H, viz., rubro-spinal and rubro-bulbar. i 
ightly marked by but a few fibres, require no discussion, 
. tract observed 
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Fig. 71.—{Rh, 251.] 





Fig, 72.—[{Rh, 251.] 


Section further caudal to preceding, showing the globus pallidus fibres 
RGP crossing the lower part of the genu of the capsula interna, 





18.] 


Rh. 


i= 


Fig. 


[408 *'qH]— $4 “OTT 








[rre "(ns * 











Lesion 








Rh. ‘Nucleus anterior 






Vieq d'Azyr's bundle | 
d just below the, 
у nucleus | 


| 








t In anterior 
55 fornix; Vieq "Агу" M 
;. | bundle сив before it 
| entere ‘nucleus. an=) 
ico] terior, needle track 

: | passes through | 
| nucleus lateralis 


1 





| 











Rh. [involves outer border 

111] of median nucleus, 
| lamina interna, and | 

| interna: portion of | 
| lateral nucleus 


| 





1 precentral 


‘Fine. fibres de- Lesion 


Cortical fibres Nucleus anterior 
[C 


h 











Fine fibres Nil. Nil 

189 | generated in ап. | ; break up here. | 
| | terior limb of | | in outer bor- | | 
| internal capsule der running; | 
| close to.caudate | back from | 
| ending indeter- | | lesion | i 
| minate i | | 

Rh. Nucleus anterior and Nil .]Lesion; a few Ni.. ; Nil а 


jury to  Vieq 


seen entering 
nucieusanterior 


art. of (Fibres io cingu- Fine fibres break 


lum along -its 
entire length; 

а. few. coarse 
fibres to gyrus 
lateralis, supra- | 
-Sylvian апа. 
anterior ecto- | 
sylvian from | 
needle track, | 
finer. fibres 

through the! 
caudate chiefly | 
at iis anterior i 
&nd outer pole, | 
to gyrus cruci- | 
atus posterior | 


up here; they 
come from Vieq 
d'Azyr's bundle 





lanandannR 
of.  precentral]| passes through 
gyrus and about capsule of nu- 
to junetion of | cleus; a {е 
middle and fibres. from 
lower thirds of| lesion розіег- 
gy- iorly ascend to 

| lower border of 
anterior nucleus 


and appear. to 
rend there - 


rus, part of face 
centre, most 
fibres to 198; 
| centre 








Тавын IL—Thalamic Lesion. 


| fibres from in- | 


d'Azyr's bundle | 





(RÀ. - 




















| Nucleus laters | 
alis, ventral | 


| Nucleus medius ; 
| portion 


lateralis 














Indeterminate | 


Nil 











Needle track Lesion ; : 





a (NGL... 


fine Lesion 
‘fibres: break 
up in pos- 
terior part of 
nucleus 


k 
| 
| 


этен. 





immar, of Degenerations Observed. 


picleus ттт" 
LI 


{те mediar 





nd nucleus Pulvinar 
areuatus 
1 -— JNiL. 
| 
1 . Nil. 
A t 
| 
Ж . |NH 2 





icleus Medus 





. (Nil 








Nil 





. {Nil 


Nucleus rüber 


Из 





Descending fibres to 
medulla and pons 


ОНИ HV а 


as INI ius sie Э 


Мі a А xe 





|М] S... 5 











Cord 


Pyramidal |То caudate 


degene- 
ration due 
to needle 
track 


Fibres elsewhere. 


Nil ... | .. |All end 1n caudate 


Nil... .QQINil.. 





fibres de-| nucleus laterals 
generated | go to outer part 
due to pas- | of ganglion haben- 


sage ofj ule 


needle 








. [Pyramidal |Some fibres from |Needle 





Remarks. 








. Needle introduced 


vertically. 


This lesion was due 

to an embolus 
which lodged in 
the nucleus an- 
terior and caused 
a small necrosis. 
Through в mis- 
ealculation the 
electrolysis oc- 
curred in the ven- 
tricle in front of 
anterior colliculus, 
and from here the 
vessel in which 
embolus occurred 
can be traced. 
Needle introduced 
horizontally. 


. {Needle introduced 


horizontally, 


introduced 
horizontally. 


B 


Na Lesion 


Rh [Median nucleus 
169 


' CatiMedian nucleus ven- 
95 | tral third of pulvinar 
i posterior limit is 
Meynert’s bundle, 
which 1s involved 
. {Median nucleus in 
its upper and outer 
porticn, quite free 
of the lamina mn- 
terna 





Rh. 'Ventral border of dor- 

2928| sal third of nucleus 
lateralis and most 
anterior portion of 
pulvinar 


Rh, [Between dorsal and 
232| middle third of 
nucleus lateralis 


Rh. Junction of dorsal 
240| and middle third of 
| nucleus lateralis 


Cortical fibres 


Pre- and post- |Nil 
crucial gyri and | . 
olfactory tuber- 

cle 


Nil „Юн 





Pre- and post- Nil 
central gyri arm 
and leg area; 
fewer fibres to 
face region. 
More fibres to 
gyrus ргесеп- 
tralis than post- 
centralis 

Large number of |Nil 
fibres to precen- 
tral gyrus leg 
and arm area; 
extremely few 
and finer calibre 
fibres to face 
area, aud post- 
central gyrus 
Many fibres to |Nil 
leg and arm 
area of precen- 
tral gyrus; some 
fibres to post- 
central gyrus; 
fine fibres to 
superior and 
middle frontal 
gyri as far for- 
ward as the 
plane of anterior 
end of caudate 
nucleus 


Nucleus anterior 


half, but sep-| through 

arated from | dorsal part 

lamina in-| just below 

terna by а | nucleus an- 

considerable | tenor 

portion of 

uninjured 

nucleus 

...]Lesion ... Internal sur- 
face just 
touched 
...]Lesion .. The fibres 

coming out 
of the nu- 
cleus med. 
ius pass 
obliquely 
across the 
superior 
portion 
(dorsal 
fourth); 
some may 
end here 


wee 


. [Nil 


. [Nil 


Nucleus medius 


...{Lesion in outer Fibres pass |М... 


Medium fine 
degeneration; 
source either 
nucleus lat- 
erahs or lam- 
ina interna 





'* Nucleus 
lateralis 





. [Lesion 


A few fibres 

to nucleus 
of opposite 
side 


. .|besion ; fine 


fibres seen 
all through 
nucleus in 
neighbour - 
hood of 
lesion 


Nucleus later- 








Nucleus ve 





Ds, 1 
Ecc Rm tralis 
a Nil... 
| 
Nl.  .oNü 
Nil... . [Nil .. 
' Lesions of Nucl 
INI. — Q2 Nil... 
„ми. 2 NIL.. 
Nil.. —..|Nil..^ 





patre medien 
md nucleus 
sarcuatus 


Pc wnar 


xes cross Nil... 
mina 10- 

rna and 
xeak up 

эте 


B... .. Parm lesion 


xleralis (A) Dorsal 


edium-J|Nil.. v 
zed fibres 

roak up 

serein 


ame fine Nil . 
Wores break: 


ip herein 


me fine 
Mores break 
p berein 


Nucleus ruber | 


„ки ы 


А 





Third. 
Nil 


. [Nil 











Nil 


Descending fibres to 
medulla and pons 


„юй... 


. (Nil 


‚ми .. sis б 


Nil 


. [Nil 





. INil ... 





Cord 


E [Pyramidal 


| degene- 
ration due 
to passage 
of needle 


М... 


Nal. . 


; . {Meynert’s 


Fibres elsewhere 





Fibres running 
across dorsal part 
of lateral nucleus 
end in caudate 
nucleus; fibres 
degenerated due 
to injury of tenia 
thalami run back 
and end in outer 
half of ganglion 
habenule 


bundle 
degenerated to in- 
terpeduncular 
ganglion 


.|Fibres enter cap- 


sule on lower bor- 
der of caudate and 
break up there 





To external genicu- 
late of opposite 
side (needle track 
passed through 
splenium) 








Remarks 


Asneedleintroduced 
vertically cortical 
fibres obscure the 
picture and make 
ib impossible to 
express an opinion 
as fo thalami- 
cortical fibres, 
though fibres 
from median all 
seem to have ended 
in caudate. 

Needle introduced 
vertically. 


Needle introduced 
vertically. 





` 


Needle introduced 
horizontally, 





. [Needle 


. [Needle 





introduced 
horizontally. 


introduced 
horizontally. 


289 


Rh. 
261 


Rh. 
270 


Rh. 
272 


. Needle track and pos- 


Lesion 





terior part of lesion 
in lamina interna; 
anterior part of 
lesion in dorsal and 
interral third of 
nucleus lateralis. It 
occupies an area опе 
fourth the cross 
diameter of lateral 
nucleus 





Middle third and av- 
terior part of nucleus 
lateralis 


Ventral border of 
‘middle third of nu- 
cleus lateralis 


Junction of middle 
and lower third of 
nucleus lateralis 





Dorsal border of ven- 
tral third of nucleus 
lateraiis 


Cortical fibres 


Nucleus anterior 


Fibres to dorsal |Nil as 


half of precen- 
tral gyrus as far 
forward as the 
superior pre- 
central sulcus 
and to the angle 
in front of the 
inferior precen- 
tral, Łe., around 
the posterior 
end of the in- 
ferior frontal 
sulcus 


Fibres to precen- 
tral gyrus ; arm 
and leg area ; 
none to opercu- 
lum, very fine 
fibres in su- 
perior frontal 
gyrus to plane 
of anterior end 
of caudate. 

Fibres to pre- 
and post-cen- 
tral gyri, many 
fibres to leg and 
arm area, a few 
to faee centre, 
none to lowest 
part af face cen- 
tre; a very few 
post-centrally 

Pre- and post- 

crucial gyri; 

sigmoid and an- 
terior part of 
lateralis 





Pre- and post- 
central gyri,pre- 
central fibres 
only go to oper- 
culum; post- 
central much 
fewer, stop op- 
posite lower end 
of invra-parietal 
suleus 


Nil 


Nil 


Nil 


Nucleus medius 


A few fibres |Liesion as de- 


run back- 
wards and 


Nucleus 
lateralis 





scribed 





downwards 

and break up 

in outer part 

of median 

nucleus 
. Nil ... [Lesion 

Nil . {Lesion 
J {Ni .. . (Nil 
‚ми... . (Nil... 





. [Lesion. 


\ 


Nucleus vew 
trahis 


Nucleus later- 
alis, ventral 
portion 


Nil... T 








NI... 





Lesions of Nucle 


.INi3- ' .. NH 
. {Nil .Q Nil 
. [Lesion . INil 


Lestons of Nucle 
Mil Nil... 








Descending fibres to 
medulla'and pons 


изге m 7 

end nucleus Pdleinar Nucleus ruber 
arcuatns 
І (NIL. IND ‚яй 


-ateralis (B) Middle Third. 





ч Na À Ni 
| 
1 
| | 
a „n NL (ма 
1 
H 
i 
| 
E .CNi Nil 


. 


ateralis (О) Ventral Third. 
il ~ (NG .. | Nil 


. Ni 


.]Nil 


Nil 


. {чп 


. [Nil 


. [Nil 


Nil .. 











Fibres elsewhere Remarks 

^ INI... € .. Needle introduced 
horizontally. 

ve. [Nil .. a. Needle introduced 
horizontally. 

il А .. [Needle introduced 
horizontally. 


..|Fibres to anterior Needle insroduced 


colliculus ; these | horizontally. 
are pallio-tectals 
cut across in their 
passage through 
nucleus ventralis 


. [Nil... ae ... [Needle introduced 


horizontally, 





' No. Lesion 





Rh. jin nucleus arcuatus |Nil 
216| and cutting the 
lower edge of centre 
median 








Rh. |In nucleus arcuatus |Nil 
218| cutting lower edge 

of centre median 
Rh. |In centre median ... |Nil 


275 


` Rh. In сепзге median and {Nil 


2 


267 | оп border between it 
and nucleus lateralis 
(ventral portion) 


Rh. Та lower ` part of Indeterminate 


BT | centre median and 
nucleus arcuatus, 
` partly -in ventralis 
and cutting Mey- 

! nert’s bundle 





Cortical flbres 





Nucleus anterior 


. (Nil 


. [Nil 


. (Na 


. (Nil 


Nil 


Rh. |In the trunk of (Indeterminate... [Nil 


208| median fillet pos- 
teriorly where it 
comes around the 
nucleus ruber and 
extends to beginning 
of corpus Luysii. In 
breadth nowhere 
exceeds the breadth 
of fillet 


. [Nil 





Nucleus medius 


‚ |Fibres break 


up here 


Lesions of Centre Мей" 


Nucleus 
lateralis 


Fine 





fibres [Fine fibres [Fine fil 


Nucleus Hater- 
alis, ventral 
portion 


Nuelens у 
tralis 








break up in | break up| break 
"upper part | here here 


of lateral 
nucleus. 
In addition 
some of 
superior; 





peduncular 


‚| fibres can 


Fine fibres 
break up here 


be seen de- 
generated 
Fine fibres 
break up 
here 


. |Fine fibres 


break up 
here 


.|Some fibres 


enter nu- 





cleus later- 
alis and 


| break up 


, |Fine fibres 


break up here 
comıng up 
from lesion 


in its inner 
half, ex- 
tending 
over an 
area, corre- 
sponding 
to the seo- 
tional area 
of lesion 
Fibres go 
into pos- 
terior ven- 
tral fourth 
and into 
ventral bor- 
der of su- 
perior nu- 
cleus and 
pulvinar 





k 


Fine fibres |Fine fibi 
break up} break 
here here 
Ni... . Nü .. 





Fine fibres |Fine fib 
break up| break 
here here 


Fine fibres (Lesion ; fii 
| break ap | fibres bre 
here up here 





Lesions 


Nil ... ..|À few fillet [Most of tke |Nil ... 


fibres end 
here 





fillet fibres 
break wp 
here 





V Nucleu- An uatus. 





tre mediar . 
ac nucleus Tul;iuar 
«renatus 
kon Fibres break 
up hare 
ion ,.[Fibxzes to 
pulvmar 
Won fibres Nil 
п dow- 
to nu 
us arcu- 
Kon .. Nil 


sion: 'А fez fibres 


mres pass еп here 
‚гой п 
10101.68 
cuatus 
d end in 
ticular 
за, 





potha-vmus. 
a. [Nil.. 

















to capsule of 
lower part of 
homolateral 
nucleus and 
to the contra- 
lateral nu- 
cleus ruber 














‘Nucleus uber | Desgonding bresto | cord 
Ni... (ND [Sa 
Nil . [Nil . (Nu. 
Nil . Nu . INil 
* 
. (Nil .Ni . Nil... 
Nil.. The posterior longi- |Nil... 
tudinal bundle 3s 
degenerated 1n part. 
" Fibres are seen end- 
-ing in nuclei of 
cranial nerves (V, 
VI, ҮШ, Xy ~ 
І , 
. |Fine fibres go [Nil Nu... 





.|Fibres run from 


.JNil.. 








Fibres elsewhere Remarks 
(Жи. Needle | introduced 
horizontally. 
+ | г 
‚йй... . {Needle introduced 
` horizontally. 
JNa.. .|Needle introduced 
horizontally. 
, Nil... . [Needle introduced 
horizontally. 





lesion in Forel’s 
field and end in 
globus pallidus ; 
Meynerts bundle 
degenerated to 
interpeduncular 
ganglion 





Needle introduced 
vertically. 








. [Needle introduced 


horizontally and 
passed along the 
course of the 
median fillet. On 
account of bruis- 
ing of the cortex 
in removing the 
brain the cortex 
was not examined; 
however, the in- 
ternal capsule 
was clear and con- 
tained no degen- 
eration, 








No. 


Lesion 


Ith, ‘Lower part of ventral 
207 | nucleus and upper 


border of Forel's 
field anteriorly cuts 


“| the lower end of the 


Rh. 
236 


Rh. 
288 


Rh. 
2ül 


CatiPulvinar and an- {Indeterminate 


9t 





fan-shaped distribu- 
tion of the fillet 


Large lesion, central 
focus of which is in 
posterior limb and 
outer part of genu 
of internal capsule, 
also destroys an- 
terior superior 
mesial third of the 
lateral nucleus ; edge 
of anterior nucleus, 
of nucleus medius, 
of caudate and 
tænia thalami 

In internal capsule in 
front of and to outer 
side of nucleus an- 
terior needle track 
passes through 
dorsal part of nu- 
cleus lateralis 


Anterior limit is in 
most basal part of 
capsule just behind 
the genu. Posterior 
limit ın F'orel's field 
on % “evel with cen- 
tre of corpora mam- 
millaria 


terior colliculus 


Cortical fibres 


Operculum ? 


A few very fine |А few fine fibres |А few ‘fine Large bun- ¡Some fibres 


fibres to frontal 
gyri; coarser 
fibres to pre- 
and post-cen- 
tral gyri; fewer 
and finer fibres 
to post-central 
gyrus 


Fine fibres to in- 
ferior and mid- 
dle frontal gyri; 
8 few coarser 
fibres from 
needle track to 
pre- and post- 
central gyri 


Nil 





Nueleus anterior 





№ 


Nil 


. [Nil 


. [Indeterminate ... 





Nacleus medius 


Nil 











Nucleus later- 
alis, ventral 
porticn 


Nueleus 


Nueleus 
lateralis trahs 





‘Fillet fibres (Fillet fbres A few fi 


break up| break up end her 
here here 

















Lesion 
Some f 
fibres - break | dles of fine'| in this ms break 
up herein fibres en-| cleus herein 
tering ап- | both hami. 
terior and | spheres | 
middle | 
third (fron- ' 
to-thalamic i 
lenticulo- 
thalamic) 

. (Nil . {Lesion INI.. e NIL... 

. {Nil Fillet fibres |Fillet filmes |Fine fibre 
break up| break up| ventral 
herein here cleus 

break 
herein 
Lesions 


Indeterminate [Indetermi- |Indetermi- Indeter 


nate nate nate 


sre median 











nucleus Pulrimar ' | Nueleus ruber 
enatus » 
vtocen- Fil. . |A few break up 
amedian; here 
ot seem 
end in 
sleus ar- 
tus 
sula Interna 
ies PF. Di . [NU 
І 
. e CM. . Nil 
NI 
from needle 
track break 
up here. 
i Fibres from 
lesion end in 
anterior cap- 
sule of nu- 
cleus ruber 
senceph-elor. 


,etermi- Lesen 
@ f 


| 
| 
| 


va. [Nil 


, 





Nil 


. [Nil 


<. |Tecto-pontine fibres; [Nil ... 


Descending fibres to 


medulla and pons Cord 


. |Nil... 


Nil 








. {Pyramidal 
degene- 
ration 


... |Pyramidal 
.| fibres from 
lesion of 

| capsule 





Fibres elsewhere 








Remarks 





Medium-sized jNeedle introduced 
fibres to globus| horizontally. 


pallidus 


A few fine fibres to 
caudate and 
globus pallidus 
and middle zone 
of nucleus lenticu- 
laris. Fibres in 
Schultze's bundle 


Nil... E 





.|Some fibres |Tecto-pontine fibres |Nil 5 i5 


from needle track 


most dorsal fibres of 
posterior longitudi- 
nal bundle; these 
latter disappear 
before they reach 
the cord 


Some fine fibres to 
tuber cinereum 
and to locus niger, 
another group 
eross the cap- 
sule, and break 
up in the globus 
pallidus 


.. [Fibres cross pos- 


terior commissure 
and break up in 
reticular sub- 
stance of opposite 
side in plane of 
base of the aque. 
duct of Sylvius 


This lesion was 
made large with 
the idea of pro- 
ducing symptoms. 
It was, however, 
anatomically not 
very satisfactory 
because of its size 
and the capsular 
injury. Needle in- 
troduced hori- 
zontally. 





. (Needle introduced 


horizontally. 


^ 


Needle introduced 
horizontally. 
Needle track 
passed through 
the fillet. 





As needle was intro- 
duced vertically 
the cortical injury 
permits only of a 
positive opinion 
being expressed on 
the descending 
fibres. ' 





No, 








Rh. Іа upper nucleus 
211} of rucleus ruber 


Rh, |Anterior part of 
978 | anterior colliculus 



































г, uel - 
Lesion Cortical fibres Nucleus anterior | Nucleus medius Rue Я “als шша Nucleus 
м. (Nal Nil Nil... {Pine ез (Nil. , 
break up 
herein and 
in ventral 
part on 
the cantra- 
lateral side 
Nil Qul . А few medium- |Fine fibres |М... . [Nil ... 
sized fibres| break up 
and cutting the an- run here herein 
terior brachium and 
a few of the dorsal 
terminal fibres of the 
superior cerebellar 


peduncle 











Further, the rubro-bulbar tract now described occupies the region 
through which also pass the fibres of the tractus recurrens of the 
superior cerebellar peduncle (Thomas [152], Van Gehuchten [63], 
Horsley and Clarke), and it also ceases in the nucleus centralis reticularis 
and the nucleus magno-cellularis bulbi. The tract in question may Lave 


_ been injured by the lesion in Ernst's [47] experiment, but at a point 


below the nucleus ruber. 

In leaving the discussion of lesions of the hypothalamic region it is 
nécessary to draw attention to the fact that, though the experiments 
reveal a close association between the nucleus ruber and the globus 


pallidus, there is, as regards downward directed paths, no evidence of a 


direct connection between the thalamic nuclei (for instance, the nucleus 
lateralis) and the nucleus ruber. It is evident the whole important 
question of the downward or efferent connection: of the thalamus and 


" nucleus ruber requires a complete re-examination and research. 


STIMULATION EXPERIMENTS. 


‚ In the stimulation experiments the double needles mentioned in she 
section on " Method and Technique” were used throughout. In 
employing these needles a bipolar excitation could be .applied to an 


p———  QoÓ p fü m MÁ B GB B BÉ BR E a aaa 


3 median 


nucleus 
жаиз 


` 


L 


Descending fibres to 


Tulvina- Nucleus ruber medulla and pons 

















w fine Nā.. ... Lesion ^ ..|Monakow's bundle (Fibres in А very few fibres of Needle 


ain 


Hium- 
ad fibres 
wak up 

upper | side near the median 
“4 pos- 


or par 
lian 


% the substance of the 
:enire | pons 


spinal] and гођхо- | colum р | into globus palli- 
bulbar; of the for-| from the| dus 

mer only two or! posterior 
| ^ . three fibres. j| longitudi- 
| Another tract starts | nal bundle 
from anterior end of | fibres 
nucleus ruber, de- 

cussates іп Forel’s 

commissure and 

passes down just 

outside of medul- 

lary sheet, and ap- 

parently ends ш 

F nucleus magno-cel- 

lularıs; a few fibres 

go down posterior 

longitudinal bundle 

Til... "s p ae ... |Tecto - ponto - bulbar |Nil ... ... |Pallio-tectal fibres |Needle 


run down the same 





line and break up in 














extremely small area, and thus the disconcerting and disturbing effects 
ci unipolar stimulation were avoided. This point has been dwelt on in 
the foregoing pages, and at considerable length in Horsley and Clarke’s 


' article on the cerebellum in Brain, 1908. In order to obtain the most 


precise results the smallest double needles we had were used, and 


{tese measured on the average 1°5 mm. in diameter аё: е widest part ` 


at the collar. . : 

Tke current was obtained from an induction coil. which was supplied 
ay two dry-cell batteries. The secondary coil was furnished with the 
Kronecker scale which, though it does not indicate the actual quantity 
3: current used, shows the relative proportionate excitation—7/.e., if 
the сс] is at 200 on the scale, and then is advanced to 400, the stimulus 
3btaired at the latter position is twice that obtained at the first. The 
average strength of current used varied from 100-500 Kronecker scale 
divisions, and if any région was found to be inexcitable, this was further 
tastec by raising the intensity of the stimulation until “ spread." evoked 
a response from neighbouring structures. 

In this respect, as in all excitation experiments, the minds of 
response clearly indicated what was the real local effect of the 
stimclus. E 


Cord Fibres elsewhere Remarks 
Р introduced 
ws end consisting of rubro-| anterior] medium size go | horizontally. 





introduced 
tract. These fibres d horizontally. 
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In the procedure of these experiments, which were all carried 
out on Macacus rhesus, the monkey—thoroughly anwsthetized—was _ 
placed in Clarke’s instrument, and after the skull and dura had been 
opened the double needle was introduced usually 2 mm. at a time. 
. Every 2 mm. a stimulation was made and the resulting phenomena 
recorded. А р 

If the nerve centres did not show signs of fatigue the entire 
thalamus was thus stimulated. The very slight shock attending such an 
.experiment is evidenced by the fact that good results may be obtained 
for two or тег hours if the body temperature is not allowed to fall and 
the brain kept warm by a constant stream of hot water. There is no ' 
apparent change in the electrical excitability of the brain. Furthermore, 
the passage of these small needles produces such a slight injury tu the 
cells that bringing back the needle to a point stimulated some time 
previously, and stimulating there again, yields the same results as the 
first time. Аз soon as the experiment was completed the monkey was 
killed and the brain injected in situ with formol-Müller. The inter- 
aural line was then marked by boring a hole through the external 
auditory meati and a rod dipped in carbon and oil passed through to 
mark the infer-aural line (see fig. 76, Slab 1). Other points were then 
marked on the cortical surfaces to establish the inter-aural plane and 
the brain was removed. The brain was then cut through the inter-anral 
plane and then further cut up into 2 mm. slabs оп Clarke's macrotome. 

The exact points at which the stimuli were applied could then be 
determined, since, as can be seen on figs. 76 et seq., the fine needle 
track examined immediately after death in the fixed brain is obvious 
as а small black point in frontal section. Аз stated in Horsley and 
Clarke’s [75] paper, fixed points for localization purposes were also 
made as required by switching off the faradic current, and marking 
the spot excited by a small ‘electrolysis. 

The collective results of the experiments can best be stated, in so far 
as they followed the excitation of the various nuclei or fibres passing 
through them. 


Nucleus Anterior. 


This region is evidently extremely inexcitable, for even powerful 
currents produced no effect whatsoever. When the edges of the nucleus 
are reached, however, the same or similar symptoms may be observed as 
arise from regions adjacent to the anterior nucleus. 


lgs. 76-78 Stimulation Experiment, Macacus rhesus.— As seen їп Slab 1, the inter-aural line passes through 
eupezial mien. The brain was divided into slabs 2mm. thick, numbered 1 to 8, but was not cut quite vertically, 
е the upper (thalamic) portion of Slab 2 is actually in the inter-aural or zero plane. The divisions of the seale 
п are millimetres; the magnification therefore about 2:5. Тһе needle tracks are visible as dets, but the 
топ of tae brain after removal from the skull alters somewhat their 2 mm. relation to each other 
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LATIONS OF OPTIC THALAMUS | 


N ucleus M edius. ` 


) The dorsal part of the nucleus, that lying directly beneath the’ 

ema thalami, is inexcitable. When the central portions of the nucleus . 

rore stimulated, eye-movements were obtained, and these, with but E 

casional exceptions, consisted in the eyes being fixed with their 
isual axes parallel and parallel to the median sagittal plane. 

‘Together with this there was at. times dilatation of the pupils, but 


is was not a constant phenomenon. The appearance of the animal: ^ 


luring excitation of the nucleus was that of attention. These move- 
nts were characterized by their comparatively slow onset, and 
contrast notably with ocular movements derived from any other part. 
of the central nervous system in which the eye-muscles are represented. 
(E) The ventral part of the nucleus is very interesting in its response - 
tinrulation, inasmuch as, as soon as the needle advanced to and 
end. the plane limiting the massa intermedia (commissura mollis) 
T teriorly, the excitation evoked a moderate deviation of the head. 
à eyes to the opposite side and flexion of the opposite fore-lirab. 
з is obviously. the commencement of progression movement, as 
be described by Horsley and Clarke, resulting from excitation of the 
Bres of the superior cerebellar рше (cf. also Thiele). These 
‘bres have been found by the authors’ just named to branch beneath 
and in the nucleus medius—i.e., in the lamina interna. 


Nucleus Lateralis. 


Excitation of the nucleus lateralis has given constant results, but =. 


he interpretation of the effects observed requires careful considera: 
ien and merits further minute investigations in animals on whom excla- a 
ien experiments have previously been performed—+.e., removal of the | 
orresponding areas of the excitable cortex with establishment of pyra- 
nidal degeneration, ќе. The present communications, therefore, will 


neist of a brief categorical summary of the points noted, without dis- 5. 


ussion of the detail of the probable paths taken by the nerve impulses. 


Pari of the Nucleus lateralis excited. Movement observed. 
| osterior Third Dorsal half ih Conjugate deviation of the eyes. to 
ae : E el the opposite side. 
*ésterior Third Ventral Һа. A Eyes open, progression movement, 
; am 5. v extension of opposite fore-limb, 
later flexion of fore-limb of the 
same side. 


4 These fibres are probably the source of the locomotory movements observed by Thiele on 
excitation of ће cut аам of the ко part of the median nucleus [149]. : 





Middle Third Dorsal halt н E "Movement of the | opposite limos, * 


.Mídale Third Ventral half ">. 


Anterior Third Dorsal half ... 
; Ventral half .... i 
© mouth ` Сереп, mastication, faece 
зем movement, tongue to. 


site side, flexion both id Tt 


Flexion both hind limbs. 
It is а SO er to repost here that. these motor оше K 


“The results obtained from this region are С Lonmentially moni round i. 
а зип of those obtained by excitation of the median nucleus ‘end. 
Thus in niall cases a tonha movement. of parallelism of. the optie 
axes, with extension of the opposite fore-limb and flexion. of the elkow 
of the same side, resulted from stimulation of the centre median snd 


nucleus arcuatus. 
' Pulvinar. 


ificitation of the pulvinar invariably Васса. це deviation of 
the eye io the pposite side, with dilatation ot the PN. 


А special pain in reference to the bal must be mentioned here. Ina 
constant series of observations a very sharp, quick contraction of the pupils” 
was. obtained from a spot, where the outer part of the posterior comrais- 
gure crosses behind Meynert's bundle. - "This.is a direct effect of thè 

excitation communicated to the third nucleus, and is very striking in 
view of the widespread representation of dilatation all round this poins. 


The symptoms observed in each imal t he abject of an experi- 
mental lesion must be divide according io the site of the. lesion— 
cortical or thalamic. | | 
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=й аре followitig ова of the айык „е, i 


-Simce the researches of Munk and Goltz attention has been sufficiently — Ps 


pom to the symptoms. which immediately follow the к of а 
| jeh permane 1 ntly remain as consequences of the lesion Чен, In every 
; же transient symptoms have been noted, but need not be referred 


permanent Шода little has been observed except in 

icas of the 'sensori-motor area. Further, whereas the cat responds 

ead ly to all forms of. sensory stimulation, the monkey is exceedingly 

indiferent, and the. accurate estimation of sensory changes in this. 
anims! presents many difficulties. However, in all. cases each animal 
vas systematically and repeatedly examinéd as to motor power, 
-0: dination, hemianopsia, esthesia to touch, cold, heat, pin-prick, and 

“tas monke Іво astereognosis.: 


(1) Cats. 


(en Sensori-motor region (see Table I). 


Lesions of the cruciate region were followed by loss of. sense of | 
sition, thermo-anassthesia to cold and paresis of special (voluntary) : 
шоузшеп{в in the contralateral limbs. 
©) Parieto-temporal regions (see Table I). 
‘From the small lesions of the other parts of the cortex no symptoms 
ere distinguishable.. | , 
4 2 Monkeys (Macacus rhesus). 
Ip this anii the lesions were confined to the central By ri. 
бй Gyrus precentralis (see Table 1). * ; 
The monkeys with precentral lesions showed paresis of the extremity 
verresponding to the cortical area destroyed, and uncertainty in use of the 
affeced limb. when jumping and climbing free in a large cage. FE 
Шо sensory changes could be detected. The knee-jerk of the opposite i 
owas increased except when at a later page contracture commenced. 
t was then diminished. |... 
c6) Gyrus postcentralis (see Table li. 

_ The monkeys with postcentral lesions were apparently diis normed. 
a taeir free movements and to every test their sensory and motor power 
ppeared unaltered. In one case of a postcentral lesion there were 

and ‘uncertainty, and this therefore appeared to 






































ORIGINAL A 






cotistitate an ception. ` The terial sections wt the brain, however,” 
‘showed a thrombotic lesion, low down in the corona radiata, that had - E 
cut off precentral fibres. The experiment, ‘therefore, confirms the facts ` 
given above in differentiation between the two central gyri. 
(с) Symptoms following lesions of the optic thalamus. 
x Since the earliest investigations on the thalamus down to the most 
“recent: work by Roussy two. cardinal. symptoms have always been 
recorded as characteristic of such a lesion. i a) Mouvement de manege ; 
(2) hemianopsia. . a ! 
> All observers, as far as could be зенан in the literature, h ave . 
<= noted those two symptoms, with the sole exception of Nothnagel. It- 
.. must seem very surprising, therefore, that in the present research is 
x twenty- -two Rhesus monkeys and four cats, all with thalamic lesions, not. 
one showed the symptom of mouvement de manèg e; or anything at all 
suggesting: it, and only four showed ocular symptom Б _ 
Rh. 275. and Cat 91 both exhibited right-sided hemianopsia. 
Rh. 936 noticed threatening movements less on the right side than 
© the left, but showed no. signs of hemianopsia when taking his food or 
with currants strewn about the floor. Cat 95’s pupils reacted sluggishly 
| to light, but there was no evidence of hemianopsia. : 
"Phe. explanation of such absence of symptoms must be that the 
small. lesions of the present research only destroyed small parts of the 
< nuclei, and consequently that sensory representation of any given region. 
could only have been slightly affected. That this. is probably correct is. 
< shown by the fact that in one case where a considerable injury was done . 
E 3 ihe pulvinar, hemianopsia resulted, and that in ihe case (Rh. 211) | ; 
_ where the lesion was situated in the nucleus ruber the opposite ear was 
drawn to the shoulder. : i : ; 
Any thalamic syndrome must consist. of an. arrangement of dis- ; 
5^ ordered functien of those senses | "whose “special thalamic regions are 
.: destroyed, and of those tracte me, g., the internal I capsule, optic tract, &c. 
: —which lie near. : : : : ; 





































SUMMARY - 






“a The iy а цат 18 abuti distinct: from the ані. Е 
(2) The hypothalamus is closely ci onnected with the globus pallidus. 

(3) The thalamus must be ed as consisting of an inner and 
outer division, of which the im cludes th nucleus anterior and. 
nucleus medius - 

















STRUCTURE AND ‘FUNCTIONAL RELATIONS OF OPTIC ‘THALAMUS 1 


с @- The inner division is in association. wih the нден caudatus | 

ind with the rhinencephalon.. : Ў 
©) The outer division is the end station of the fillet and of the | 
perior cerebellar peduncle. It is соел connected with the Rolatidic 
gien of the pallium. 

45) From the results of excitation experiments, as well as the 
anatomical facts deduced from very localized lesions, the inner and | 
uter divisions of the thalamus appear to be in the main relatively 
с organizations. 

"Ту The precentral especially and postcentral раш (Масасив 
ше) and the excito-motor area in the cat are connected by pyra- 

idal fibres and collaterals: with the middle and ventral thirds of the 
auckus lateralis. 

8) The temporal falli (cat) is connected by projection fibres ud 
lleterals wit the postero-ventral region of the nucleus lateralis, the 
Orpus. .geniculatum mediale and the pons varolii. 

'9) The thalami-cortical fibres connecting the nucleus lateralis with 

pallium are. arranged dorso-ventrally, so that those for the represen- 
Деп of the face are ventral to those for the limbs. 

10). The general direction of the large majority of axones, whether | 
£nating in а thalamic nucleus or passing through the thalamus, is . 
itwards and dorsalwards. \ ae 

11) The precentral pallial area for the representation of the move- 
nerts of the limbs + is no connected by pallio-tectal fibres with the 


= The figures illustrating this paper are furnished to show the size and 
estion of the lesions. on. which the statements in the text and. in 
akle II are founded. = Pi 

The ees кошо 18 the 4 same, as follows :— :— 


AC = commissura anterior. 


ВА — brachium anticum. _ 
ЭВР = brachium poeticum... 


ga" ES colliculus a anterior буры suadrigeminum superior), 


= ш Eh. 251 СА! is by. error used to denote a corpi albicantium. v. mammillate, 





corona тайа 
degeneration. 


- FOR or or FO = field of Forel. 
“fd х- degeneration. 
fdm — degeneration of pyramidal system. 
lobus pallidus. 


LN =. nucleus lateralis, 

In — locus niger. 

LPP ш locus perforatus posticus, 

M = fasciculus retroflexus (Meynert's bundle). 


“МІ == massa intermedia (commissura mollis). 
_ MN or. NM <= nucleus medius, 
oN, п == nervus opticus, jt 
: nervus tertius у, oculo motorius. 
nucleus arcuatus. 
nucleus lenticularis. 
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-MYOTONIA ATROPHICA. 


FERD m BATIR) AND H. P. GIBB. 


Тхутворпоттох. 


тев object of this paper. is to draw attention. d ‘a group of cases 
waich present the rare association of muscular atrophy with a slow 
axacion of muscles after voluntary contraction. The muscular atrophy 
зв a distribution which is poralar and corresponds 60 none of the well- 
ows types of myopathy. . 
ke: characteristic бш. of.the condition are тош of t 
acial muscles (myopathic face), atrophy of the sterno-mastoids, atroph 
the vasti of the thighs and dorsiflexors of the feet, and a slow relaxa- 
ө аан: peri after, contraction. The more forcible the cor 


We a aware “that ve g from the type have hoot described 


the distribution of the muscular atrophy and in the occurrence — 
the oe relaxation without оруу but о no ee j 


NAME. 


This condition has been described under various names: Myotonia . 
with muscular atrophy (Lannois). . Muscular atrophy with the electrical 
reactions of Thomsen’s disease (Lortat-Jacob et Thaon). Thomsen’s 
deae» with muscular atrophy (Nogues et Sirol). Atypical forms of 
Thomsen's disease (Pelz). Muscular atrophy with slow relaxation of 
muscles (nachdauernde Muskelkontractionen) (Kleist). otal atro- 
а (Rossolimo and others). — = 5 
We have adopted that of ‘ ‘myotonia atrophiéa,” first used by — 
Hossciimo, because it serves shortly. to describe the salient features, and, . 
oecause it is the name under which ion authors have since described D 
5 шпор, 







































(myotonia congenita). Myolonik. is, qim ever, т, only a “symptom, ame asi | 
. Such, its use is. Aere Justified.. Obj celin to the. term “ к may 





xi exhibit. the itii; and it LA farther be urged that. the us 
implies. that the myotonia precedes’ the muscular atrophy, a sequence of 
events which does not occur in all cases. - 

Whilst recognizing ‘these objections, we are of opinion that fuller... 
recognition for this condition as an entity will be obtained by such a . 
name as above suggested than by a lengthy title, which possibly may. 
attain to slightly greater accuracy. 





` Case 1.—F.. W., male, aged 40. "This patient сате under observation in 
1906, and was shown before the Neurological Society as a “case of myopathy, 
_ exhibiting slow relaxation of muscles after muscular action." Since then there 
has been little alteration in his condition. He gave the following history — 
¿= Та 1900 he noticed that his thighs were getting thin. The wasting caused 
him no inconvenience till 1903, when at times his knees would suddenly give 
: way in walking, and he would fall. "This difficulty in walking has persisted till 
he present time (1908). “Recently he has had а stiffness about his legs, when 
e first starts walking, which passes off when he has gone а few yards. He: 
- eomplains, too, of a stiffness in the thighs when tired and of sharp sheoting | 
> -pains down both thighs and in small of the back. For the last few years he 
^; has noticed а steadily increasing weakness in his grip. “The heavy work he is 
galled on to do demands considerable strength, and he finds that he cannot 
^; grasp things as firmly as he could. Не thinks, too, that of recent years there ^ 
has. been some general wasting of the forearms, especially along their ulnar 
» borders. en E 
‘For: many years—he cannot say definitely how. lai. he Bus һай difficulty . 
in relaxing his grasp. He is certain the difficulty existed ten or twelve years 
ago. The difficulty passes off after repeated movements. , © т 
4 Since 1900—though here again he cannot: date the onset very definitely- M 
he has had difficulty in articulating his words when he first starts speaking, © 
He.has also had some stiffness about the jaws in chewing, and has noticed ' 
a tendency for his tongue to become stiff and " stick to the roof of his mcuth ” 
5 when he. attempts to swallow. He has been. ware of no inerease ia the 
т severity of these symptoms ; кеа ar much. as cad were when they first. 
.. 7^ eame on. ; : : 
; Past history. Ss has MEOS been a healthy а man, has. suffered fram no: 
acute illnesses, and denies venereal disease. . 
"oc Family histery.—Both parents were healthy bd had no sign of mystonia 
and no museular wasting. Two children, died. ав. pamos- -one of. жһоәріпа- > 
c ae cough, one | of bronchitis. 7 Two other mebes of 
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e {ети diy survived till adult life. One ot these, « a y deles is the еб ot onr- 
ases. The other, a brother, died at the age ‘of 47 of some wasting disease of the 
wer limbs, whieh; according to his brother, was diagnosed as “locomotor ataxia.” 
Hei ismid to have walked with a steppage gait and to have had especial difficulty 
in geting up and down stairs. He constantly complained of sharp, shooting 
ins in the legs, but his gait was not unsteady, even in the dark. Кога great 
many vears before his death he had the same diffieulty in relaxing his grasp as 
at 3f which his brother now ‘complains. It seems probable that he suffered 
46 disease which now affects his brother, and this probability is heightened 
ibs-ease recorded by Rossolimo, in which the diagnosis of tabes. dorsalis had 
been evade on the strength of similar symptoms. Я 
‘Present condttion.—He is а thin, spare man of small frame. The pupils are 
ua. and regular; they react well to light and on convergence. All ocular 
movements are of good range and there is no. ptosis or nystagmus. The face is’ 
rikngly smooth and expressionless. The orbiculares palpebrarum are very 
oak and there is some weakness of the orbicularis oris. Attempts to keep the 
eyes siosed against even very slight resistance are unsuccessful, and he cannot 
ів le or blow his cheeks out properly. The temporal regions are hollowed 
ut, he temporal muscles being apparently diminished in bulk and contracting 
feeble; the masseters, however, contract well and are not wasted. -© The tongue 
nd palate are normal and the vocal cords move well. Both sterno- -mastoids are 
ompletely atrophied, but all the other muscles of the neck are well developed. 
Fhe muscles of the shoulders and upper arms are neither wasted nor hyper- 
E od and all movements at the shoulders and elbows are good in range ,and 
power. There is some wasting of the whole forearm in both limbs, especially 
long their ulnar borders. Flexion and extension at the wrist are feeble, but 
she grip is fairly good. There is no wasting of any of the small hand muscles 
nd heir power” is not diminished. When the patient is asked to grasp an 
object he does so quickly and with fair force, but when he is told to let go there 
is à «cnsiderable pause before he is able fully to relax or extend thefingers. The 
rst aud second fingers extend first and these are followed, after an interval of 
some seconds, by the third and little fingers. The difficulty i in extending the 
fingers i is due to the slow relaxation of the flexor tendon and not to any weak- 


e mess d the extensors. If the patient is now asked to repeat this movement, he 


does so well and relaxation is more rapidly accomplished, and by repeating the 
movement several times he is able to relax his grasp at once. If he simply 
exe: she fingers without force he is able to relax at once. The sordera пе 
| origiaal grasp the slower the relaxation. s 
; 'Ebis slow relaxation is not well shown in any muscle, except the flexors of 
he fingers, but is present to a slight degree in the small museles of the hand. . 
Тһе 3iceps, however, contracts powerfully and relaxes at once. i 
"зэ muscles of the trunk and abdomen are intact. In the thighs there is 
almcs* complete atrophy of the vastus internus, and a less advaneed atrophy 
аг tb» vastus externus in both limbs, but in both limbs the rectus femoris has 
iseased atrophy. There is no ^wasting of элу other muscles of the s dd or 
{ tha muscles below the knees. 





dei 

gait is normal, so far : as we бош] observe, in spite of the beijore- 
mentioned complaint of a feeling of stiffness in the. “коша of the lewer 
limbs when he first starts walking. There are no sehsory changes. The knee- 
> jerks are absent in both limbs, but the ankle-je те active. The plaatar 
responses оп both sides are flexor. Yu | ' 
& Ele al reaction. —The most striking ‘feature with regard to the elestric 
reactions is the very marked diminution of irritability of the muscles generally 
to the faradic current. 16 requires a far stroi ager current to produce a contrac- 
tion in the muscles of the patient than in corresponding muscles of the normal 
individual. On ‘st. stimulating the flexor m seles of the fingers there is. a 


brisk contraction and a relatively slow relaxation. We have been unable to. vn 


time the ‘period of relaxation, but it is probably about ] тее to five Seconds, 
|... The interossii also showed the slow relaxation. 
The leg. muscles needed a stronger current ‘than ‘normal: to: produce a zon, 
traction, but relaxation was quick. g 
nism, again, a general diminution’ of daeitdbility was. noticed, but 
| no other change was present. On the face he could not bear а current strong 
'enough to produce a contraction of the muscles." 
The muscles did not give the myotonic reaction as. described by Er» in 


nsen’s (ведае. К 


Case A. L; iod 46, sister of the above. This patient, ds T been 
: otherwise a strong, healthy woman, states that as long as she can remember she - 
- has had a difficulty in relaxing her grasp. The condition was most pronourced 
when she was. 20. years old; since then it has imp: red somewhat. ` She is 
subject, too, £o fficulty in opening her eyes the first thing i in the morring, 
and to a stiffness of the jaws in eating. d di oulty has i in great part passed 
few years. | 
——Тһе patient is a well- ourishéd, healthy woman. The: 
pupils are equal: and regular, they react. briskly to light and on convergence. 
Тһе ocular. movements are “good. There is no ptosis. or nystagmus, 
The masseters and temporals are not wasted. and their power is ‘good, 
-The face is ‘smooth and expressionless, and there i isa great weakness of the 
orbiculares palpebrarum: The orbicularis oris. is normal, The tongue, palate 
and voeal cords are unaffected. — | 
ў are completely йорде, but the other muscles of the 
: neck are intact. The. muscles of the shoulders, arms, ‘forearms, hands, trunk, _ 
: and lower extremities are well developed aad of good power. Nowhere i is there 
any hypertrophy. ~ Sensation is intact. " | 
. The knee-jerks and ankle-jerks are active ; the plantar reflexes give a flexor 
response. The gait is natural. | : 
She has precisely the same diffieult relaxing her grasp as her brotaer, 
oes any other muscles, though she g ves 
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nite. history of difficulty i in opening her eyes in the morning. We were 
able io examine the electrical reactions i in this case. 


Case 3 —H. F., male, aged 56. This jatiónt eame under observation at the 
ional. Hospital in May, 1908, having been referred to one of us (Е. E. B.) fcr 
inion. He had been shown.at the Laryngological Section of the Royal 
deby of Medicine on May 1, 1908, for abductor paralysis of the right vocal 
cd, by Mr. Clayton Fox. 
The patient gave the following history of his condition: For many years 
as had a difficulty in relaxing his grasp. He cannot date the onset of this 
еше; he can only say that he has had it a great many years, but that he 
not suffer from it in childhood. He has, and has had for many years, some 
ieulty in first starting out to walk in the morning, which soon passes off, : 
ds mot felt again “during the day. He thinks the difficulty is due to an 
eadiness, rather than a stiffness in his limbs. 
. For some years he has had a diffieulty in walking down stairs. No definite 
tery of the date of onset of the muscular wasting can be obtained. 
“December, 1907, he had.an acute illness, which was diagnosed as con- 
on of the liver, and following immediately on this he noticed a difficulty ia 
ing... For this speech trouble he consulted Mr. Clayton Fox, who found 
ductor palsy.of the right vocal cord, and referred him to Dr. Batten for aa 
n. 
18b history Не had a cellulitis of the forearm thirty years ago and 
las of the face ten years ago. He denies venereal disease, has always 
a non-smoker, and for the last forty years a total abstainer, He has been 
vied:tnany years, but has no children. 
amily history.—His father, who had no muscular wasting, or signs of 
otonia, died at the age of 64 of a tumour of the gut. His mother had 
ughout her life a difficulty in relaxing her grasp, which improved as she 
wold: she had no muscular wasting and died at the age of 82 of "senile 
decay." He has had two brothers and two sisters. Both sisters are dead, one 
n infant, one in adult life of some unknown cause. One brother died at 
age of 52 from bronchitis, one is still alive and in good health. None 
is brothers or sisters had myotonie symptoms or muscular atrophy. Нә 
ws pum abont any ather liaa ` 


tes. The ШЙ are equal and ire and react well to light and on 
omimodatlon. АП ocular movements ате good in range, and there is ne 
is or nystagmus. The face is smooth and expressionless. There is great 


= The temporal muscles can be felt to contract, but their bulk is apparently 
nished. The masseters contract forcibly, and are not wasted. The tongue 
í straight without tremor, and is not wasted. The palate moves 

né рау on the: ‘two sides. There is a partial abductor palsy of the 
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Both sterno- сїн аге e completely atrophied. and there i is some Wasti agof 
the upper parts of both trapezii. All movements of the head and. neck are ee a 
performed with fair power. ~ vd 

There is no wasting or Mm of any ‘sols shout the shoulders and 
upper arms, and all movements about the shoulders and elbows are free and 
of good power. Both forearms are flabby and slightly wasted, the wasting 
affecting the flexors and extensors to an equal degree. All movements about 
the wrist are of fair power. There is no atrophy of any of the small лапа 
muscles. When the patient is asked to grasp an object, he does so wel! and 
powerfully, but when asked to relax his grasp, he does so. almost at once with 
the first and second fingers, but the third and fourth fingers relax slovly. The 
condition is exaetly similar to that seen in the last patient, but is less defixite. 

There is no obvious wasting of any of the trunk muscles, but there is a 
slight degree of lordosis in the lumbar and lower dorsal regions. 

The thighs are well developed, except for an almost complete atrophy af the 
vastus internus and externus in both limbs. The reetus femoris is intact. and. 
no other muscles of the thighs are wasted. All movements of the thigh аге 
powerful. Flexion at the knee is powerful ; but extension is very feeble. The 
calf muscles are flabby and large, out of proportion to the development o! the 
general musculature of the body. The same condition’ of hypertrophy iss 
observed in the anterior tibial groups in both limbs. pr 

All movements about the ankle are of good range, but the power of all move- 
ments, especially dorsiflexion of the feet, is very poor. This loss of power is“ 
emphasized by contrast with the large bulk of the muscles. | 

The knee-jerk is abolished on the left side, it is present but very difficult to 
elicit on the right: the ankle-jerks are absent on nna sides. ^ The plantar 
responses are flexor. 

There are no sensory changes. In walking he lifts the feet unduly high, and 
flings the legs far forwards. He rises from the lying posture in the manner so 
constantly seen in pseudohypertrophic paralysis. 

Zlectrical reaction.—The most striking feature with regard to the eleesrical. 
reaction is the definite diminution of irritability of the muscles to faradic stimu- 
lation. .. This is. present not only in the muscles of the arms, but also in those 
of the legs. 

The only muscle Shick tends to give a slow relaxation is the flexor of the 
fingers, and the reaction is of the type Püssler described as a modification of . 
the myotonie reaction, т.е:, both slow contraction and slow relaxation. 












Case 4.—F. J., male, Е 44. This patient was admitted to the National 
Hospital in October 1908, under the care of Dr. Bien. Russell, to whom we ~ 
are indebted for permission to record the case. 

Two years before admission he felt, while walking, a sudden weakness in the 
right knee, and from that time he noticed an increasing weakness. about that 
knee. In August, 1907, the left knee became similarly affected, amd ов one 
oceasion he fell when tired; For n man , onths he has ‘heen unable. do ran: at 
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beeause of this-tendency for his knees to give way under him. He has an 
cial difficulty in coming down stairs, which he attributes to a loss of power 
һе тайвс1ев about the inner side of the thighs. Не has noticed no weakness 
dont cae arms or trunk, but the forearms have been wasting for years, though 
seem quite strong. He has had during the last few years a difficulty in 
& “som the stooping posture without the help of his arms. " 
Nc history of the date of onset of the movens symptoms to be described 
d эе obtained. 
Pasi history y.—He had шан fever when 11 years old; this illness lef 
heart weak. © He had pneumonia in 1892. | 
Nine years ago he fell unconscious on two occasions. These unconscious 
acks were attributed to heart trouble, and since then he had been unable to 
апу hard manuallabour. He denies venereal disease. He has been married 
híe«n years and has two healthy boys. His only other child, a girl, died at 
heageot 11. She was “mentally affected.” 
оу. Ме were unable to obtain any information as regards the existence 
any similar condition in any relatives. 
Present condition.—He is a thin, rather wasted man. The pupils are equal 
regular, and react to light and on convergence. All ocular movements are 
"range. Extreme lateral movements of the eyeballs bring out occa- 
tonal slow nystagmoid jerkings. Тһе masseters are greatly wasted and 
iras: feebly; the temples are hollowed and the temporal muscles can 
rdly be felt. The face is expressionless; the eyes can be closed completely, 
љура poor power. The lower facial muscles move well on both voluntary 
emotional efforts. : 
xe sterno-mastoids are completely atrophied on both sides; all the other 
cles of the neck are well developed and powerful Lateral and forward 
ements of the head are feebly performed, though the range of movement 
The shoulder and upper arm muscles show nowhere either atrophy. or 
hypertrophy, and all movements at the shoulders and elbows are powerful. 
“The onwseles of the forearms, especially the extensors, are wasted. Flexion 
exzension at the wrist are poor in power, and the grip is feeble on both 
The difficulty in relaxing the grasp after making a fist is precisely 
milas to that seen in the first case. "The intrinsic hand muscles are not 
ateoph«ed, and all movements of the thümbs and fingers are strongly 
primed. 
— Theanuscles of the trunk are unaffected. The muscles of the lower limbs 
аю ме? developed, except for a complete atrophy of the vastus internus and 
externes in both limbs, the rectus femoris remaining intact. The muscles 
below he knees are well developed. All movements about the hips are of good 
"wer. Flexion at the knees is powerful in both limbs, but extension is very 
Ja. Dorsiflexion at the ankle is relatively not so powerful as other move- 
ts about the joint. “Sensation is unimpaired. 
fhe knee-jerk is absent in the right limb; in the left it can be obtained ов 
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reinforcement, but does not overcome the inertia of the joint. Both ankle- 
jerks are active, and the plantar reflexes are flexor. The gait is normal. 
Electrical examination of the museles was not made in this case. 


Case 5.—F. W., male, aged 24. This patient was in the National Hospital 
in 1906, under the care of Dr. Tooth. Since then he has been under the care 
of Dr. Farquhar Buzzard as an out-patient at the Royal Free Hospital and 
was shown by him at the Neurological Seetion of the Royal Society of 





FiG. 1, 


Case 5.— Showing the atrophy of the sterno-mastoids and the myopathie facies. 


Medicine as ` an unusual case of muscular atrophy." То both we are indebted 
for the use of the clinical notes. 

The patient had always enjoyed good health till the onset of his prasent 
illness. He denies venereal disease, but admits having been а heavy drinker. 
There is no history of muscular wasting or of myotonic symptoms in any 
relatives. In October, 1905, he had a severe attack of rheumatism, involving 
the knees, ankles, and shoulders; and when convalescent from this illness 
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focnd that he could not walk without stepping very high. This difficulty 
к walking has become progressively worse. It was not until 1907 that he 
gm to have any difficulty in relaxing his grasp. 

Present condition.—'The patient is а tall, spare man. The pupils are equal 
aad regular, and react to light and on accommodation. All ocular movements 
аге goad, and there is no ptosis or nystagmus. The masseters and temporal 
ате stong, and not atrophied. There is great weakness of the orbicularis 
pelpeb-arum, and less marked weakness of the orbicularis oris. The tongue, 
pelate and vocal cords are normal. 








Frc. 2. 
Case 5.—Showing the moderate degree of wasting of the peronei and anterior tibial groups 


The sterno-mastoids are almost completely atrophied, but all other muscles 
of the neck are well developed (fig. 1). The muscles of the shoulders and upper 
arms азе well developed and of good power (with the exception of the supra- 
somati. which are considerably wasted). Both forearms are thin and wasted 
&.eng their inner borders. Flexion and extension at the wrist (especially 
exfensien) are feeble and the grip in both hands is poor. The small hand 
muscles show no atrophy. 


SA phenomena. The small hand muscles react poorly both to faradism: and 
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The muscles of the trunk are intact, as are also the muscles of she thigh, 
with the exception of the vastus internus, which is wasted in both limbs. The — 
anterior tibial group are wasted, but not to an extreme degree (fig. 2). АШ. 
movements of the hip and knee are of poor power. At the ankles neither: 
dorsiflexion nor eversion ean be performed: Extension is fair in power 
There are no sensory changes. : : 

'The knee-jerks are present, the апке ане. Шам The myotonia is shown 
only ina difficulty in relaxing the grasp, and is precisely similar te thet we 
have already described in Cases 1 and 4... : 

"The muscles of the shoulder and upper arm react briskly to fargdism and 
galvanism. The flexors of the wrist and fingers react well to faradism, «but 
show in a marked degree the myotonic reaction. The extensors of the wrist 
react very poorly both to faradism and galvanism, but show no myetonie 


galvanism, and to the former give a modified niyotonic reaction, če., both slow ' . 
contracture and slow relaxation. The extensors of the foot react neitker to 
faradism nor galvanism. 


SUMMARY OF CLINICAL SYMPTOMS. 


All these cases resémble one another closely, not only in the presence - 
of myotonic symptoms, but also in the distribution of the atrophy. | 
Affection of the facial musculature and atrophy of the sterno-mastoids is 
common to all of them. In the second case these muscles are the only 
ones involved, but the presence of the affection in a more advanced 
degree in a brother leaves no doubt as to the nature of the condition. 
In the remaining four cases the muscles of the shoulders and upper arms — 
and the intrinsic muscles of the hands escape, but the forearms are 
affected by a general wasting, and the weakness is not confined to any 
particular group of muscles. | зо 

The muscles of the trunk are unaffected, but in all atropay is. 
present in the lower limbs. In Cases l and 4 the distribution c? this 
wasting is identical—the muscles below the knee have escaped ensirely, - 
as have also the muscles of the thigh, with the exception of the vastus | 
internus and externus, both of which—especially the vastus internus—are | 
definitely atrophic. Case 3 shows a similar atrophy of the vasti, but there 
is in addition a considerable weakness of all the muscles below the knees, · 
especially of the dorsiflexors of the- feet, associated, not with wasting, . 
but with an apparent hypertrophy of the muscles. In Case 5 the thigh 
muscles have escaped atrophy, but here there is wasting and weakness _ 
of all muscles below the knee, especially of the. ee of the feet, | 
which are completely prebe.. : 
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Case 3 cannot unreasonably be regarded as forming a link between 
Case 1 and 4 on the one hand and Case 5 on the other, and the history 
which F. W- gives in the case of his dead brother suggests that in this 
instence also weakness of the dorsiflexors of the feet was a prominent 
feattre. 

Che unusual and apparently irregular distribution of the wasting in 
case: of myotonia atrophica has been commented on by most observers. 
Hofmann pointed out the almost constant involvement of the face, the 
frequent affection of the masseters and the escape of the intrinsic muscles 
of tæ Lands, but he does not appear to have laid any considerable 
empasasis on this distribution, for he makes irregularity of distribution 
one of the points of his argument in favour of the condition being 
primarily one of myotonia. The cases which we have here recorded · 
seem, however, so strongly to suggest that a characteristic distribution 
may exis; in the disease, that we have investigated all the cases which 
have been recorded with a view to determining how closely they 
correspond to our own. 

We have succeeded in discovering twenty-nine recorded cases. Three 
presented symptoms which suggested strongly some complicating lesion 
of tLe nervous system. Frohmann’s case showed nystagmus and Rom- 
berg.sm, Lortat-Jacob and Thaon’s an extensive anesthesia, and Pelz’s 
nystagmus and hyperalgesia of the nerve-trunks. , Of the remaining 
twerty-seven cases, fifteen present a distribution approximating closely 
' to that which we have here described. These fifteen.casges, with our 
own five, séem to form so definite a group that we give a short abstract 
of tLeir clinical features in an appendix. In the remaining twelve cases 
- the atrophy differed so widely in distribution from our own that we 
have: neglected them, for it is our object not so much to discuss the 
whok subject of myotonia atrophica, as to suggest the possibility of 
there existing a form of myopathy differentiated clinically from the 
` elasscal types, as'much by the distribution of the wasting as by the 
presence of the myotonia. 

From an analysis of our own cases and those in the literature which 
most closely resemble the “type” described we are able to draw the 
following conclusions with regard to the leading features of the condition. 


(1) Familial Characters. 


la several of these cases the disease occurs in more than one member 
of а “amily. Hoffmann [8] recorded the disease in a brother and sister, 
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Pissler in two brothers, Ramsay Hunt in two brothers, and Batten 
and Gibb a family in which a brother and sister were certainly affected 
and probably a second brother who did not come under observaton. 
Among the cases which we have here collected there was no instance of 
the presence of myotonia without atrophy in members of the same 
generation. 

Direct heredity could hot be traced in any case, but Rossolimo [17] 
records the case of а man whose father had (according to the son) pre- 
sented symptoms of myotonia; and one of our patients states definizely 
that his mother suffered throughout her life from a difficulty in relaxing 
her grasp. In both these parents there was, so far as is known, 
no muscular wasting. In no instance was a history of myopathy in 
ascendants or the collaterals of ascendants obtained. 


(2) Etiology. 


The disease arises in most instances without apparent cause. In iwo 
cases reported by Hoffmann and Fürnrohr the condition was attributed 
to exposure to severe cold. In Rossolimo’s case the condition followed 
an acute illness characterized by a painful swelling of the knee-jomis, 
and in one of our own an attack of acute rheumatism closely preceded 
the first onset of the weakness. 

Such apparent causes of origin, if they have any significance at all, 
can scarcely be regarded as. other than secondary in determining the 
onset of the disease. 

(8) Sez. 


The disease is much commoner among males. Few as the recorded 
cases are, they can leave no doubt on this point. In only three out of 
twenty cases were the patients women—viz., in Hoffmann’s, Batten and 
Gibb's [2], and Kleist's [10] cases—and it is interesting that in two 
of these the symptoms were slight and had escaped observation till the . 
presence of the affection in a more marked degree in other members of 
the family had directed-attention to the condition. 


(4) Age of Onset. 


The symptoms make their appearance in early adult life; in the 
majority of cases between, the ages of 20 and.30. The earliest ag» at 
which symptoms have appeared is 15 (Kleist [10]). In a few instances 
the onset has been delayed till beyond the thirtieth year. The myotonia 
usually precedes the atrophy, but not invariably. In the two cases 
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zeco"ded by Ramsay Hunt, muscular wasting had been noticed for many 
years before myotonic symptoms showed themselves, and in one of our 
„wn the myotonia did not appear till 1907, though the PANER had 
сеаслеа an advanced degree in 1906. 


(5) Distribution of the Atrophy. 


atrophy of the facial musculature is’ almost constant (sixteen in 
—^werty). In all our cases the features had the expressionless immobile 
sharacter seen in the Landouzy-Dejerine type of myopathy, and the 
weažness of the facial muscles, especially of the orbicularis palpebrarum 
and the orbicularis oris, was manifest on all attempts at voluntary 
movament. .. | s 

Xn half the cases (ten in twenty) the masseters and temporals were 
also affected. In one instance (Nonne [13]) the atrophy had reached 
30 h.gh г degree as to have caused a bilateral.dislocation of the jaw. 

The sterno-mastoids were also frequently affected (thirteen in twenty). 
-n taese thirteen cases the sterno-mastoids on both sides were atrophic ; 
this atrophy contrasts forcibly-with the almost constant escape of the 
twap-+zil, which were atrophic in three instances only. The other muscles 
of tke neck have always escaped. The muscles of the shoulder and upper 
erm were rarely involved. In some few cases there has been noticed a 
wasting of the supraspinati and infraspinati; the deltoid was atrophied 
in a slight degree in one instance only; the other muscles about the 
shoulders have always escaped. Тһе muscles of the upper arm were 
cffecsed in four of these cases, but only to а slight degree. The biceps 
generally suffered most where the upper arm was affected. But the 
most constant feature-in all these cases is the involvement of the fore- 
crm musculature. The atrophy did not involve any particular group of 
mus-les, both flexors and extensors suffered, though, as a Fue; the flexors 
"vere weaker and more wasted than the extensors. 

kn striking contrast to the wasted condition of the forearms is the 
non-atrophic state of the intrinsic muscles of the hand, which in most 
cases were preserved. In only four cases was there any atrophy of these 
muscles. It involved especially the thenar and hypothenar eminences. 

The trunk muscles in all instances escaped, but the legs were almost 
inva-ciably affected; of the thigh muscles, the extensors of the knee far 
the nost commonly (nine in twenty). The adductors of the thigh were 
invo'ved in one instance only, and the other muscles of the thigh invari- 
ebly escaped. Where the atrophy invaded the ‘quadriceps extensor 
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femoris it showed a tendency to affect the vastus internus and externus 
and leave the rectus femoris intact. This is strikingly shown in three of 
our cases. 

But of the lower limb muscles, those below the knee were the most 
commonly affected, and of these the peronei and dorsiflexors of the foot 
more commonly than the calf muscles. Weakness of the dorsiflexors 
was present in ten of these nineteen cases, and in one instance (Liannois 
[11]) the forearms and dorsiflexors of the foot were alone involved. In 
nine out of twenty cases the calf muscles were weak; but as а rule the 
weakness was less marked than in the dorsiflexors and in no case were 
the calf muscles affected without involvement of the dorsiflexors. 

- In three instances the laryngeal muscles were affected. In Nonne's 
case there was “ a paresis of the vocal cords " ; in Siemerling's paralysis of 
the adductors (thyro-arytenoideus), and in one of our own the Ee frst 
` sought advice for/an abductor palsy of one of the cords. 


(0) The Myotonia. 

The myotonic phenomena are shown far more commonly in a diff- 
culty in relaxing the grasp than in any other voluntary movement. In 
all cases this phenomenon has been present and in most instances has 
' been the only voluntary movement showing the presence of myotonia. 
Even in cases in which the myotonia is not confined to this particular 
movement, ıt is far more conspicuous in it than in any other. 
Rossolimo’s case, in which this disability involved to а considerable 
degree all movements of the upper arm and neck, is the only one 
recorded in which the myotonia was at all conspicuous in other parts of 
the body. In all other instances the:myotonic phenomena were slight 
and most frequently apparent in the muscles supplied by the cranial 
nerve, the facial muscles, the muscles of mastication and the tongue. 
Myotonic phenomena are not common in lower limbs, and when present 
are always slight in degree. 

Further, the myotonic appears to bear no relation to the atrophy, so 
far as voluntary movements are concerned. Even in instances in which 
the atrophy in the lower limbs is considerable, myotonic phenomena are 
generally absent. | 


APPENDIX. 

. Nonne [18]. 

Male, aged 40. Atrophy of facial muscles, masseters, neck (muscles not 
Specified), shoulder-girdle, forearms, thighs and peronei. Paresis of vocal 
cords. ; 
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Myotonia in limbs and eyelids. Mechanical and electrical myotonia reac- 

tion in all museles not atrophied and in some atrophic muscles’ - 
Knee-jerks and ankle-jerks absent, and deep reflexes in arms diminished. 


Passler [15]. Two brothers. 


Case 1.—Aged 35. Myotonia first noticed al puberty. Weakness and 
atrophy of hands some years later. . 

Atrophy of facial muscles, masseters, temporals, sterno-mastoids, арай 
апа infraspinati, flexors and extensors of forearms, intrinsic muscles of the 
thumb and ‘of fourth interossei. 

The legs are said to have been slightly weak, but there is no record of 
atrophy in the lower limbs. 

Pronounced myotonia in hands and arms. 


Case 2.—Aged 33. io first at-18. For the last few years wasting of 
hands. 

Atrophy of facial muscles, A um temporals, sterno- mastoids, supra- 
spinaii, infraspinati, and of interossei. таза of the feet. 


Hoffmann [8]. Brother and sister. 


Case 1;—Male, aged' 26. Has three living sisters; two of them seen by 
Hoffmann: one of these healthy, the other is the second case recorded. 

Weakness of grip noticed at the age of 20, attributed to exposure to cold. 
Steadily increasing weakness and wasting of forearms. The weakness of the 
face probably present since the age of 18. ‘ Difficulty in speaking present for a 
year; no record of date of onset of myotonia in hands, but said to have been 
healthy as a child. 

Atrophy. of facial muscles; masseters, stérno- mastoids, flexors of left arm, 
muscles of forearm in both limbs more advanced in the flexors taan the 
extensors. - The lower limbs are unaffected. 

Myotonia present in forearm and hand muscles, slighter in degree in tongue 
and upper arms. Deep and superficial reflexes all present. Myotonic, electrical 
and mechanical reactions in the muscles of the upper: extremities, but not in 
those of the lower extremities. i 


1 


Case 2.—Female (sister of above), aged 30. Considered herselt hea-thy: 

Atrophy of facial museles, masseters, sterno- mastoids, and the muscles of the 
forearms, especially the flexors. + 

The lower limbs involved. 

The hands show a typical myotonia, and the myotonic нй reaction ig 
present in the forearm muscles. ` Deep and superficial reflexes present. 


Pürnrohr [6]. 

Case .1.—-МәЛе, aged 33. No- history of & similar condition in family. 
When 20 years old noticed a difficulty i in relaxing his- grasp; twelve years later 
began to lose power in his legs. 
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| Atrophy of the forearm and thigh muscles, the lower leg being well 
developed. Thé knee-jerks are absent. Myotonia in forearm muscles. 


Case 2.—Male, aged 50. For some years slowly progressive muscular 
atrophy. Atrophy involving the facial muscles, flexors of the head, shoulder 
muscles, forearms and hands. Also weakness and atrophy of the thighs and 
legs. He complained of no myotonic symptoms, and it was only after careful 
examination that these were detected. 


Rossolimo [17]. 


Male, aged 37. No history of similar condition in parents or other relatives. 
Always healthy till onset of present condition. 

When 22 years old he began to show a progressive wasting and feeblensss 
of the whole body; ten years later the right knee, without apparent cause, 
became red, swollen, and .painful. The other joints were unaffected. Two 
months after this he noticed a progressive weakness about this knee, and 
shortly afterwards the left knee began to get weak too, and he frequently 
wipped and fell. He noticed, too, a stiffness about the knees when he first 
started walking, which passed off after a few steps. At the same time as the 
difficulty in walking commenced he began to have a stiffness about all 
movements of the upper limbs, which passed off after repeated movements. 
The power of the movements of the upper limbs began to fail at the same time. 

Present condition.—Atrophy involving face masseters, forearms, extensors 
and adduetors of thighs with symmetrical wasting of muscles below the kneas. 

The myotonia is shown principally in the flexors of the forearm, but is 
present in movements of the upper arm, neck, and lower limbs.. " 

The knee-jerks are difficult to elicit, and the ankle-jerks are abolished. 


Lannois [11]. 


Male, aged 37. No history of a similar condition in any relatives. 

When 3 years old i& was observed that he threw out his feet in walking. 
™wo years later lightning pains in lower limbs; first myotonia noticed in 
movements of hand, three years after difficulty in walking began. 

Present condition.—Atrophy.  Forearms, not localized to any special groap 
of muscles, dorsiflexors of feet, and to a less degree of calf muscles. Myotoria 
shown chiefly in forearm muscles, but to a lesser degree in movements of lower 
limbs, and in talking and chewing. 

The deep reflexes are absent. 


Noguès and Sirol [14]. | ] 


Male, aged 33. His father had some difficulty in starting to chew. Мо 
other relatives affected. : 

When 17 years old noticed a difficulty to chew, and also a difficuliy in 
rslaxing his grasp. At the age of 28 he began to tire easily in walking, and 
noticed a stiffness about his legs on first starting to walk. 
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E-csers condition. —Slight general wasting and weakness of arms.. Atrophy 
of inner belly of gastrocnemius in both legs and of the tibialis anticus and 
eommon extensor of the toes, and to a less degree of the peronei. Very obvious 
wasting of the vastus internus in both limbs. 

Toe deep reflexes are diminished, but not abolished. 


Sshoneorn. 


Male, aged 22 (from nd. Always sloWer than other men, and his 
speee has always been nasal. For the last two years has had progressive 
weakness and wasting of muscles of hands and forearms. 

Fresend -condition.—Atrophy of hand and forearm muscles, and of the 
exterzurs of the lower limbs. ' а ' 


Stemecling [18]. 


Male, aged 31. When 26 years old wasting of forearms” T When 
27 began зо suffer from a feeling of stiffness in muscles as soon: as he wished 
to pe-cform a movement, passing off after repeated efforts. 2 

Fresen.t condition.—Atrophy affecting face masseters, tongue, sterno- mastoids, - 
trapezii, especially middle and lower part, supraspinati and infraspinati, deltoids, 
especially middle portion upper and lower arm. Thighs powerful, lower legs 
weak. 

There is also weakness of’ the adductors of the vocal éords. 

Enee- erk absent in left leg; obtained only with reinforcement in the right 
one. : . ` 


Eumsey Hunt [7]. 

Tyo brothers. Another brother, now dead, is said to have ТЕАИ similar 
symrtoms. 

Case _.—Aged 44. Жог fon years has had weakness of the hands, and for 
six ysars Df the lower extremities. Three years ago myotonia phenomena first: 
noticed. ` y 

Eresei-£ condition.—Atrophy involving face, upper arm, forearms and muscles 
below the knees, especially the dorsiflexors. ^ Myotonie phenomena in forearm 
muscles, to a less degree in the movements of the lower limbs. | 

The азер reflexors, are abolished. 


Case &.—Aged 41. When 23 years old noticed weakness of the hands and 
arms. Not till the age of 33 did myotonic phenomena show themselves. Then 
they appeared in the movements of the hand, and about the same time stiffness 
and -vealmess of the lower limbs appeared. ў : 

Exesert condition.—Atrophy involving face, upper arms, forearms, and 
muscles below the knee, especially the dorsiflexors. 

Myotonie phenomena only in movements of hands. 

Deep reflexes greatly diminished. 


Elst [10] has described a case under the title, " Nachdauernde Muskel- - 
kontcaktionen " of a woman aged 29. | 


She was well till 7 years old, when she had gastric fever, followed:by chorea, 
and xher about 15 years old she had some unsteadiness of the s hand. 
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About this time she noticed that the hand “ stood still,” and that when she 
grasped an object she could not let go. The patient continued at work till she 
was 26. The increasing weakness made her give up her work. 

On examination, a lingering contraction of the flexor muscles of the hand 
was observed. The more powerful the contraction the longer is the period of 
relaxation, but repetition of the movement does not diminish the tendency to 
this lingering contraction. Тһе same phenomenon is found in some other 
muscles of the body. - 

The museles are readily «баш on voluntary movement, but there igs-no 
myasthenic reaction to electrical stimulation. К 

There is atrophy in the dorsal forearm muscles and the dorsiflexors of the 
feet, of the sterno-mastoids and of the facial muscles. Scoliosis, pes equinms, 
and claw-foot were also present. 

There was slight sensory disbusbinbs on the outside of the thighs. 

The author argues at some length that the myotonie condition of the 
museles is due to affection of the fronto-pontine-cerebellar tract. 


The case is one which does not correspond in a good many points with the 
zases we have described. It is especially noticeable that the lingering contrac- 
tion of the muscles is not removed in this case by repeated movements, as it 
was in other cases. 
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' NOTE ON THE MOVEMENTS OF THE TONGUE FROM 
STIMULATION OF THE TWELFTH NUCLEUS, ROOT,’ 
AND NERVE. | 

‘BY AUBREY Т. MUSSEN, M.D. 
"McGill University, Montreal. 


‘.Durnine the winter of 1907-8 it was my privilege to be asscciated 
with Sir V. Horsley in an investigation into the functions of the inferior 
olive. 

To reach this important group of cells it was necessary for the 
stimulating needle to pass through the fibres of the twelfth roct, and 
we frequently observed that while stimulation of some of these fibres 
caused the tongue to protrude to the right, stimulation of other fibres 
of the same roob produced a strong protrusion of the tongue to the 
left. 

In the course of my investigations, which have been continued at 
McGill during the past year, I have always been puzzled by this protru- 
sion of the tongue to the left оп stimulating the left twelfth root, for 1$ is 
generally understood when the tongue is protruded from the left side of 
the mouth, or into the left cheek, that this movement is ‘due principally 
to the protruding action of the right half of the tongue assisted by the 
contraction of tke left half [1]. 

The purpose of this paper is to show that the ee the 
tongue from the left side, of the mouth, and the protrusion of the tongue 
into the left cheek, may be accomplished by the muscles of the left half 
of the tongue alone without any assistance from the right half. 

In these experiments Dr. Clarke’s stereotaxic instrument [3] has . 
been employed. The animal was deeply anesthetized and the instru- 
ment adjusted. The medulla was exposed from the foramen magnum 
to a few millimetres below the superior border of the atlas so as to 
have free access for the needle to the twelfth nucleus and root. The 
movements of the tongue were observed on stimulating (1) the twelfth’ 
nucleus, (2) the root in its course through the medulla, and (5) she 
twelfth nerve in the neck. 

On stimulating the left twelfth nucleus’ (mutatis mutandis the same 
is true of stimulation of the mght nucleus), the following movements 
were observed :— 
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The tongue was protruded to the opposite side (right); the tongue 
vas curled upwards and over to the right canine tooth. But the most 
vuexpected reaction was a strong protrusion of the tongue from the - 
mouth on the left side. 

When the left twelfth root in the medulla- was stimulated, similar 
movements were produced. The tongue was qurled upwards and to the 
xight or opposite canine tooth, while stimulation of other fibres caused 
the tongue to protrude from the angle of the mouth on the same 

(left) side. Ў 

The most frequent reaction оп stimulating the (left) twelfth nerve in 
tae neck was a strong protrusion of the tongue out of the mouth on the 
sme side. Other reactions were: protrusion with the tip of the 
tongue strongly to the right or opposite side, and, curling up of the tip, 
row to the right and at other times to the left. 


EFFECTS AFTER MEDIAN SAGITTAL SECTION OF THE TONGUE. 


To exclude any assistance from the right half of the tongue in these 
movements, the tongue was then divided into two halves along the 
‚ Yaphé and the same parts were again stimulated in the nucleus, root, and 
rerve. Р 3 

On stimulating the left nucleus, the left half was protruded to the 
raghtz the left half could curl up and over to the night canine with no 
ixovement of the right half. On reaching the spot that caused on 
simulation a strong protrusion of the tongue to the left, 4.e., to the same 
side, it was interesting to see how this movement was produced, for the 
left half was retracted in a straight line and the right half was strongly 
protruded—showing the close association of the two nuclei. 

This conjugate action of the two separated halves of the tongue was 
frst described by Beevor and Horsley [2] on stimulating the upper part 
cc the tongue area in the right hemisphere. 

Stimulation of the left twelfth root caused the left half to curl up to 
the opposite (right) canine; stimulation of other fibres produced a strong 
protrusion of the left half to the right; and on stimulation of this left 
root in another area, the left half was protruded from the left angle of 
the mouth while the right half remained motionless. 

When the nerve was stimulated the movements of the left half of the 
t:ngue were the same as those observed before the tongue was divided, 
tat now were performed by the left half only. 

It will be noticed that when the иын» was protruded from the left 


BRAIN.—V¥ OL. XXXI. 14 


208 ORIGINAL ARTICLES AND CLINICAL CASES 


side on stimulat:ng the left nucleus, that this movement was due to the 
retraction of the left half and the protrusion of theright. But whenihe 
root or the nerve was stimulated the protrusion from the left side was 
accomplished by the muscles of the left half alone. 

Having demonstrated the actions of the tongue in the cat, and feeing 
that a carnivoroas animal,was probably not suitable for comparison with 
man, I concluded this investigation by repeating these experiments on 
a bonnet monkey. \ 

The twelfth nucleus, root, and nerve were stimulated, first with the 
tongue in a normal state, and then after dividing it into two halves. 

All the movements corresponded with those found in the cat and nay 
be summarized as follows :— 

(1) The half of the tongue that is stimulated can be protruded tothe 
opposite side as far as the canine teeth. 

(2) Can be protruded straight. 

(3) Can be protruded from the same side. 

(4) Can be protruded into the cheek of the same side. 

(5) The tip of the tongue can touch the teeth and gums of the upper 
and lower jaw on the same side, and as far as the canine teeth, upper 
and lower, on the opposite side. 

(6) The tip of the tongue can curl upwards and backwards to the 
roof of the mouth on the same side. 

In fact, it was clearly demonstrated that the only movements that the 
stimulated half of the tongue could not perform were: protrusion fsom 
the opposite angle of the mouth, protrusion into the opposite cheek. as 
well as the inability to touch the molar teeth and the gums on the 
opposite side. 

Therefore, these experiments show that when one half of the tonzue 
is paralysed from affection of nucleus, root, or nerve, the following 
symptoms are observed :— | 

Inability to touch the teeth, the gums, or to protrude the tongue -nto 
the cheek of the paralysed side, while there is perfect freedom of mcve- 
ment to the sound side, the tongue being. easily protruded into the cheek 
of this side and the teeth and gums being readily touched ; in advarred 
cases secondary atrophic changes in the paralysed half may, however, 
greatly interfere with the movements of the sound half. 
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CHE OCCURRENCE OF REMISSIONS AND RECOVERY IN 
TUBERCULOUS MENINGITIS: A CRITICAL REVIEW. 


BY ALFRED E. MARTIN, M.D. 


I. INTRODUCTION. 


Tas majority of the medical profession, have found the termination 
ci tuberculous meningitis so uniformly fatal that the greatest scepticism 
kas been shown with regard to the diagnosis of cases in which there 
were prolonged remissions of symptoms ог in which recovery occurred. 

Taylor [55], for instance, writes: “ Undoubtedly tubercular menin- 
gtis is in nearly all cases fatal; and the prognosis may be regarded as 
vnfavourable in proportion to the certainty of the case being tubercular.” 
Łecording to Gowers [25], “doubt always hangs over the exact nature 
cf the cases that recover, but the probable evidence as to the tubercular 
character of some of these cases is very strong.” And in the opinion of 
Barlow [3], “the study of the morbid anatomy of the disease gives us 
tae only reasonable basis on which to discuss the subject of prognosis. 
If the tuberculous deposition be limited to a part of the surface of the 
Lrain, there is a possibility of recovery; but if the disease becomes 
generalized, so that besides the invasion of the pia mater there is an 
extensive meningo-encephalitis with or without hydrocephalus, the 
chance of recovery is practically nil.” Within the last ten years, 
` bowever, methods have been more generally employed by means 

ot which the diagnosis of tuberculous meningitis can be confirmed 
turing life, and it is now possible to prove beyond doubt that a patient 
is suffering from tuberculous meningitis while he is yet alive. 

The object of this paper is to sift the evidence obtainable and to 
‘slow that tuberculous meningitis does sometimes recover, or that long 

remissions may occur during its course. 

It is instructive, in the first place, to examine- the statistics of insti- 

tations in which large numbers of cases of tuberculous meningitis are 
apserved. I have therefore analysed the reports of several London 


! [THis paper was part of a thesis presented for the degree of M.D. to the University of 
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hospitals, and the reports of the Vienna hospitals! since the year 1897. 
In the clinical reports of seven London hospitals issued since that vear 
797 cases of tuberculous meningitis are referred to, and of these 16, or 
approximately 2 per cent., recovered; while in the Vienna hospitals 
during the same period there were 1,369 cases, but of these only six, or 
0°44 per cent., are reported as recoveries. ‘Thus, of 2,166 cases diagnosed 
as tuberculous meningitis twenty-two only,or about 1 per cent., were 
discharged from hospital cured or relieved. | 

These figures cannot, however, be accepted without criticism, and 
there is no doubt that the percentage of recoveries shown in the figures 
taken from the records of the London hospitals is too high. I Lave 
personally examined the notes of thirteen out of the sixteen cases 
recorded as recoveries in the seven hospitals from the reports of which 
these figures were obtaihed, and have found that one case had been 
recorded as а recovery through a clerical error; two cases had been in 
hospital for so short a period—two days and fourteen days respectively— 
that they cannot be accepted as cases of tuberculous meningitis; two 
other cases were removed from hospital while acute symptoms were still 
present, so that they cannot be considered recoveries; and two were 
discharged unimproved. The notes in one case were missing. In four 
of the remaining five cases examined, the diagnosis was made on clinieal 
evidence only ; in the other there was, in addition to clinical evidence, 
an increase in the cell elements in the cerebrospinal fluid (poly- 
morphonuclear cells being in excess of lymphocytes), while on two 
occasions the fluid proved sterile after incubation for three days; this 
excludes meningococcal and suppurative meningitis. 

Ав а result of this investigation the number of possible recoveries 
reported in the statistics of the seven London hospitals given above 
must be reduced to nine. 

I was, unhappily, unable to trace the records of four of these cases; 
in four of the remaining five cases the diagnosis was made on clinical 
grounds alone, and consequently they cannot be accepted for the purpose 
of statistics. "The remaining case,in which the clinical diagnosis was 
supported by the existence of an increase in cell elements in the cerebro- 
spinal fluid that remained sterile on incubation, is the only one in which 
there was & strong probability of tuberculous meningitis. 

In any research on the subject it is essential that the nature of all 
ihe cases in which a prolonged remission or recovery is recorded should 
be placed beyond doubt. .’ 


1 Jalab, der Wiener Krankenanstalten. 


REMISSIONS AND RECOVERY IN TUBERCULOUS MENINGITIS 211 


The diagnosis of this disease by clinical methods alone often presents 
tae greatest difficulty, as there is no pathognomonic symptom. 16 is 
increased by the fact that the initial symptoms of infectious diseases, 
especially of enteric fever, pneumonia, and broncho-pneumonia, in 
children often resemble those of tuberculous meningitis, and in young 
children teething and gastric disturbances giverrise to somewhat similar 
cymptoms. Finally, other forms of infective meningitis and the 
meningeal symptoms in uremia, lead poisoning, and hysterical pseudo- 
meningitis may also lead to confusion. 

Hence it is impossible to accept a diagnosis of tuberculous тейин 
сз certain if it is based solely on the clinical symptoms, though the 
probability may be very great. 

V 
П. METHODS oF CONFIRMING THE DIAGNOSIS. 


To establish the diagnosis of tuberculous meningitis further steps are 
necessary ; of these the chief is lumbar puncture. By this means we are 
zble to obtain information as to— 

(i) The tension of the cerebrospinal fluid. 

(2) The appearance and chemical nature of the fluid. 

(3) The presence or absence of tubercle bacilli or other Vi cuan in 
tae fruid by microscopical examination. 

(4) The presence of tubercle bacilli in the fluid by the CN 
production of tuberculosis by inoculation of а оен animal like the 
guinea-pig. 

(5) The presence of tubercle bacilli by their cultivation in special 
medis. 

(6) The presence or absence of an excess of cell elements in the fluid, 
спа the nature of the cells which are present. 

These different points may be considered in this order. Usually the 
cerebrospinal fluid escapes from the needle drop by drop, but in tubercu- 
I»us meningitis the tension is generally increased and the fluid jets out in 
z continuous stream. In health it is a transparent, colourless, watery 
‘tuid,.and, though it often retains this character in tuberculous meningitis, 
їз may be greenish-yellow in colour or, in the last stage of thegdisease, | 
even opaque. It thus differs from the fluid in cases of meningococcal, 
ssrepiococcal, and pneumococcal disease, as in these conditions it is 
сзпаПу turbid or even purulent, though in chronic cases of meningococcal 
meningitis which recovered or became hydrocephalic Forbes [20] found 
that the cerebrospinal fluid- was clear. On standing, a fibrinous clot 
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frequently separates out, which is finer than the clot that appears in 
meningococcal or purulent meningitis. 

The presence or absence of a reducing body in the fluid may zive 
information of some value. Bernstein [5] found that Fehling's solution 
was reduced in twelve of fifty-three cases of tuberculous meningitis, 
even though the fluid was obtained only а few days before death ; but 
that in cases of purulent meningitis the reducing body was invariably 
absent. 

According to Forbes [21], who examined the cerebrospinal Juid ' 
from twenty-five cases of tuberculous meningitis, the reduction зоок 
place readily in nine, slightly in nine others, while in six it "was 
absent. 

On the other hand, in fifteen specimens of fluid from cases of 
meningococcal meningitis he found that two obtained in the acute 
stage readily reduced Fehling’s solution, while six at а later stage of 
the disease only gave a partial reduction, and seven obtained durirg a 
chronic stage gave no reduction аф all. 

Formerly it was considered that the presence of sugar in a cerebro- 
spinal fluid was sufficient in itself to exclude the diagnosis o^ an 
advanced tuberculous meningitis, but these observations prove that this 
is not the case. Bernstein suggests that the mistake arose through an 
insufficient quantity of cerebrospinal fluid being used, as ten cubic 
centimetres at least are required for the test. 

The presence of tubercle bacilli may be detected by the microscope 
in one of two ways :— 

(a) Where a clot is formed in the fluid the bacilli may be fre- 
quently found without difficulty by teasing it out on a slide and staining 
by the usual Ziehl-Nielsen method. In this way out of fifty-four speci- 
mens Forbes found bacilli in forty-three—i.e., nearly 80 per cent.—vrhile 
Bernstein found them in 100 out of 102 specimens examined; in some 
of the cases, however, the latter observer found it necessary to search for 
several hours before obtaining a successful result. 

(b By the examination of the centrifugalized cell deposit. This 
method is very tedious, as it requires a prolonged centrifugalization of 
the fluid and a search of several hours. 

In вез where tubercle bacilli are not found by the methods just 
mentioned, proof of the tuberculous nature of the case may be obteined 
by the subcutaneous or intraperitoneal inoculation of guinea-pigs. This 
method, according to Bernstein, is absolutely trustworthy; on the cther 
hand, Madame Hirschorn found that in patients suffering from non- 
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Subesculous meningitis, or from tubercle elsewhere than in the men- 
поел, inoculation with the cerebrospinal fluid did not infect guinea-pigs. 

he presence of tubercle bacilli may be also demonstrated by the 
mocuation . of broth, glycerin-agar or potato-tubes, on which the 
bacilus grows fairly readily. This method, however, frequently fails, and 
3 negative result is of no great importance. 

"Vhen lumbar puncture was first commonly practised it was found 
ihat ın tuberculous meningitis the bulk of the cells were lymphocytes, 
~vhe-eas in suppurative meningitis polymorphonuclear cells weremarkedly 
zn excess. On the other hand, the cerebrospinal fluid of those patients 
who without actual disease of the meninges, presented the appearance of 
men ngitis showed no increase of cell elements. From these facts- it 
was hoped that a means had been discovered by which a definite diag- 
nosie of meningitis and its nature could be made, but this unfortunately 
Aas been proved false by more recent investigations. ‹ 

Bossi [48] states that the relationship between lymphocytosis and 
zubeeculous meningitis is not constant, and that errors in diagnosis will 
Deew if a pathognomonic value is attached to the presence of а lympho- 
суо: in the differential diagnosis of acute meningitis. 

+. constant predominance of mononuclear small cells was found by 
Sogzia [24] in a case of meningococcal meningitis which terminated 
айа у. 

Ifutzner [40], again, concluded from the study of a series of cases 
zonfamed by post-mortem examination— 

(+) That in the cerebrospinal fluid of patients who are not suffering 
fron tuberculous meningitis the cell elements present may be chiefly 
mononuclear, and (b) that there are cases of tuberculous meningitis in 
which an excess of polymorphonuclear cells occurs. 

Porot’s [43] results indicate that cyto-diagnosis is of little value, 
25 ir some cases all cellular reaction is absent, while in others the 
percentage of polymorphonuclear cells is very high. 

Forbes [21], who has examined eighty cases of tuberculous menin-. 
gitis of which seventy were verified either by post-mortem examination 
or b> the discovery of tubercle bacilli in the cerebrospinal fluid during 
е, found an excess of lymphocytes in fifty-one, an excess of poly- 
cnorzhonuclear cells.m five, while in four cases the proportions of the 
zells. were about equal. Не considers from clinical and post-mortem 
evidence that the predominance of polymorphonuclear cells is associated 
with: a chronic meningitis which terminates acutely, and in which several 
zubezculous nodules, in addition to a large amount of plastic lymph, are 
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present. In cases of tuberculous tumours of the cerebrum and cere- 
bellum without any accompanying meningitis, the same observer foand 
that the cerebrospinal fluid was practically normal. 

In 102 examinations of the cerebrospinal fluid made by Bernstein [5] 
only three exceptions were found to the mononuclear lymphocytosis 
usually present. . 

‚ In this connection it is important to remember that a lymphocytosis 
is constantly or almost constantly present in the cerebrospinal fluids 
of patients suffering from para-syphilitic conditions, such as tabes 
dorsalis and general paralysis of the insane, and that this also occurs 
in some cases of general syphilitic disease of the central nervous 
system. 

From these facts it is evident that а lymphocytosis in the cerebro- 
spinal fluid of a case with the clinical symptoms of meningitis adds 
to the probability of its being tuberculous, but that a positive diagnosis 
cannot be made on these grounds alone. 

To sum up briefly the results that may be obtained from the 
examination of the cerebrospinal fluid, we find that although the 
character, chemical constitution, and cytological contents are of 
considerable aid to the diagnosis of tuberculous meningitis, yet it 
can be only affirmed with certainty that a case of meningitis is 
tuberculous when one of the following conditions has been fulfilled :— 

(1 When tubercle БасїШ are discovered in the cerebrospinal ffuid 
by the microscope, inoculation, or culture ; 

(2) When tubercle bacilli have been cultivated from the fluid; 

` (8) When inoculation of a guinea-pig has given a positive result. 

Ophthalmoscopie examination of the fundus 'of the eye may some- 
times afford valuable assistance, as in some cases of tuberculous menin- 
gitis tubercle of the choroid is present. Opinions differ widely as to the 
frequency with which this condition occurs in tuberculous meningitis. 
Treacher Collins [14] states that Bouchet found tubercle of the choroid 
in 10 per cent., Carpenter and ‘Stephenson in 50 per cent. of unselected 
cases ; while in contrast to these figures Jessop [84], who examined a 
large number of cases, found it present in approximately only 2 per 
cent. to 5 per cent., and then as a rule only shortly before death. 

Accurate ophthalmoscopic examination of a patient suffering from 
meningitis is not easy, and errors in observation may occur, as syphiltic 
disease of the choroid sometimes presents an appearance closely 
resembling miliary tubercle, while plastic cyclitis with detachment of 
the retina may be mistaken for a conglomerate mass of tubercle. 

| 
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En addition to these methods, one of the tuberculin reactions, or the 
zstimation of the opsonic index of the blood, may be employed to 
zonfrm or refute the clinical diagnosis. 

Tinally, in cases in which a patient has died after a long : remission of 
aymotoms, or from another disease after recovery from the meningeal 
symtoms, the post-mortem examination may prove that the diagnosis of 
the ~uberculous nature of the meningitis was correot. 

The above methods of diagnosis may be summed up under two 
main headings :— 

(x) Those which point to a meningitis as being of a tuberculous 
nature: (1) the clinical evidence; (2) the differential count of the cells in 
xhe serebrospinal fluid obtained by lumbar puncture; (3) the presence of 
tubercle in the choroid on ophthalmoscopic examination; (4) tuberculin 
~eacsions. 

: Ф) Those which definitely prove the tuberculous nature of the 

-nemingitis—namely : (1) The demonstration of tubercle bacilli in the 
eereorospinal fluid by the' microscope, by inoculation experiments, or by 
eultivation in artificial media; (2) post-mortem examination after 
-emtssion or recovery. | 


III. А CRITICAL REVIEW OF THE LITERATURE. 


"While the records of the London hospitals to which I have had 
access have failed to give me any cases of recovery from tuberculous 
memngitis in which the diagnosis was established beyond doubt, a search 
through the literature on the subject has afforded much evidence that 
patients with tuberculous meningitis may and actually do recover, and 
that in other'cases remissions of the acute symptoms for several months 
may occur during the course of the disease. 

The cases which I have collected from the literature on this subject 
may be conveniently divided into (1) those in which a long ‘remission of 
the symptoms occurred, and (2) those which terminated in recovery. 
-Kaca of these classes can be again subdivided into cases in which the 
subexculous nature of the meningitis was proved definitely, and those 
in which there can be little doubt as to its tuberculous nature. 

As in many of the cases that are classed under remissions the 
patients remained free from symptoms of active disease for months, it is 
avidsnt that from the point of view of the subject of this paper there is 
no sssential difference between these cases and those in which ihe 
тесоғету was . permanent. : 
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(1) Remissions. 


(a) Doubtful Cases——Don [16] records a case under the heading of 
* А Case of Tuberculous Meningitis in а Boy treated with Tuberctlin. 
Recovery. Recurrence. Death.” The diagnosis was made solely on 
clinical grounds, but the fact that after each injection of tuberculin the 
boy became worse for thyee days and then improved is mentioned es a 
confirmation of the diagnosis. The remission of symptoms was not for 
a prolonged period and no post-mortem examination was obtained so 
that the diagnosis 1s uncertain. 

Hahn [27] reported a case in which the clinical symptoms were those 
of tuberculous meningitis, and in which there was a remission of the 
acute symptoms for three years. No post-mortem examination .was 
made. The only further evidence produced as to the nature of the 
disease was the fact that there was a tuberculous family history. Conse- 
quently the proof cannot be considered conclusive. 

Dudon [17] reported a case to which Carriére and Lihóte [11] refer. 
In a boy of 17 an attack, in which for three weeks symptoms of menin- 
gitis were present, abated sufficiently for the boy to return to work. 
But an alteration in the lad's character was noted, and he suffered fom 
tinnitus and occipital headache. A second and similar attack occurred 
three and a half years later, leaving severe pains in the head ater 
recovery. The boy then became a drunkard, and died after six morths 
in a final attack with symptoms of meningeal inflammation. No post- 
mortem examination was made. The criticism passed on the саве waen 
it was first reported was that the first attack was possibly one of enteric 
fever, and that the change of character-which followed it was due to 
alcoholic excess. There is certainly no proof in this case of the nature 
of the meningitis. 

Coulon [18] and Sepet [52] each observed a case in which the family 
history was very bad, the parents and other near relations being tubercu- 
lous, while the patients themselves suffered from tuberculosis. In 
Coulon’s case death resulted from an acute miliary tuberculosis which aad 
been preceded by two remissions of meningeal symptoms at intervals of 
twelve months and of four and a half years respectively. In Sepst's 
case the remission lasted a year. The presence of tuberculous lesions in 
other organs, with a history of tuberculosis in near relations, points to 
the probability of the meningitis in these cases being tuberculous, bui 1t 
does not prove definitely that such was the case. 

(b) Certain Remissions.—In the following cases of remission there 
can be no doubt as to the nature of the case. 
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Jarriére and Lihóte[11] report four cases which came under their 
owr observation and review the cases which had been previously recorded. 

Zn their first case a boy, aged 5 years, was observed with Jacksonian 
epil-psy that began in the left side of the body and rapidly became general, 
Lumbar puncture showed a marked lymphocytosis in the cerebrcspinal 
fluic; this demonstrated the presence of meningitis, as in cases of 
tuberculous tumours of the brain the cerebfospinal fluid obtained by 
lumbar puncture presents the features of healthy cerebrospinal fluid 
with but a very slight cell deposit. The tuberculous nature of the case 
was proved by Ње. inoculation of a guinea-pig with a positive result. 
After four months, during which he suffered from two attacks of 
Јасхвошап epilepsy and vomiting, the lad was able to leave the 
hosbital. But nine and a half months later he was readmitted with 
symptoms similar to those of his previous attacks. 

The lack of a post-mortem examination prevented the most satisfac- 
tory proof of the condition of the brain айа meninges, but the positive 
result of the inoculation of the guinea-pig, together with the examina- 
tior. of the cerebrospinal fluid, enables us to consider the first attack 
` of Tacksonian epilepsy as due to a tuberculous -lesion in the cerebral 
cor ex, with a meningitis that became latent for a period of some ten 
months., 

The second case was that of a boy, 7 years old, in whose family 
Шеге was a history of tuberculosis, while he himself had tuberculous 
enlargement of the cervical glands, one of which had broken down and 
formed a cold abscess. There was the clinical picture of tubezculous 
meaingitis, and the diagnosis was confirmed by definite lymphccytosis 
of -he cerebrospinal fluid, and by the death of а guinea-pig from tuber- 
сх] ›ѕіѕ after inoculation with 20 c.c. of the cerebrospinal fluid. 

Improvement began ten days after admission, and at the end of 
two months the only physical signs remaining were slight strabis- 
mus and slight nystagmus when the eyes were in the extreme lateral 
position, together with a sluggish reaction of the pupils to light. 

After an interval of four months a recurrence took place and the 
patent died. No post-mortem examination was made. 

Their third case was that of а boy, aged 64, whose mother was tuber- 
cubus; two brothers had died from meningitis and а sister was scrofu- 
lows. He himself had had a suppurating cervical gland when four 
yezrs old. : 

For the first few days the diagnosis was doubtful, but later definite 
syiiptoms of meningitis appeared, and an examination of the cerebro- 
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spinal fluid showed a definite lymphocytosis. Moreover, a guinea-pig 
was inoculated and died of general peritoneal tuberculosis. 

The discovery of tubercle bacilli in the cerebrospinal fluid, obtained 
by lumbar puncture at a later date, further confirmed the diagnosis; 
but,instead of death terminating the illness, ће boy improved and gradu- 
ally returned to almost perfect health: constipation, slight fazial 
paralysis on the right side, „апа rapidity in respiration were the cnly 
physical signs remaining two months after the onset of.the disease. 
The boy remained well until nine months later, when death occurrec in 
a recurrence of the symptoms. A post-mortem examination was not 
allowed. ` 

The last case reported by these authors was that of a boy, aged 4, 
in whom the clinical symptoms, the presence of a definite lymphocrto- 
sis in the cerebrospinal fluid, and the death of a guinea-pig from tuker- 
culosis after inoculation with the fluid, made the diagnosis of tubercu- 
lous meningitis certain. A discrete tubercle of the choroid was also 
discovered in one eye on ophthalmoscopic examination. Improvemant 
began on ‘the eighth day after admission and continued until the child 
was discharged two months later. He was then irritable, constipated, 
and suffered from slight twitchings of the eyelids from time ёо. time. 
There was also some weakness with slight tremor of the right arm. 
The respirations in this case also were rapid, being thirty in the mint te. 
Ophthalmoscopic examination two months after his discharge fom 
hospital showed that the tubercle of the choroid had vanished, but taat 
there was now a diffuse irido-choroiditis, with slight oedema of the optic 
discs. : 

. Four months after being discharged from hospital the child was 
readmitted with a recurrence of similar symptoms, and death rapilly 
ensued. On post-mortem examination definite signs of old mening tis 
were found; there was a dense sclerosis of the meninges over the fissare 
of Rolando on the left side, with general disseminated tuberculoais. 
Carriére and Lihóte [11] concluded from the post-mortem examinat on 
' that there was a plaque of old sclerosed tuberculous meningitis over ~he 
left Rolandic fissure, with a recent miliary tuberculosis around it. 

A case published by Rillie& [46] in 1858, and referred to by 
Carriére and Lihóte in their paper, is well worthy of comparison w-th 
the case just mentioned. 

A boy, aged 55, presented the clinical symptoms of tuberculous men-n- 
gitis, but, instead of dying, he began to improve after fourteen days, and 
eventually recovered. Some time later he fell from a height and sas- 
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tainei a fracture of the base of his skull, from which he recovered and 
was able to run about; no trace of either the illness or the accident 
remeined, and for five and half years the child continued in excellent 
Lealih, with such perfect intellectual development that he was able to 
Leep the accounts of his father, who was an innkeeper. At the end 
cf that time a recurrence of his former illness took place, and he died in 
ten cays. Post-mortem examination revealed'a mass of old meningitis 
стег the middle and outer lobes of the left hemisphere of the brain, 
";hils a recent disseminated tuberculosis, of the type usual in tubercu- 
bus meningitis, was present in the meninges, especially at the base of 
the brain. The site of the old meningitis was very similar to that 
found by Саттіёте'ара Lhéte in the only case in which they were able 
to make a post-mortem examination. 

The following case is of much interest. In October, 1900, a child, 
eged 8, was admitted under Rocaz [47] into the Children’s Hospital, 
Sorceaux, with the characteristic clinical symptoms of tuberculous 
menmgitis. А : 

The lymphocytosis observed on examination of the cerebrospinal 
duid. together with a history of tuberculosis in the parents and signs 
sf pathisis in the patient, added to the probability that the meningitis 
~as tuberculous. Thé child, however, recovered, the lymphocytosis 
Jlisappeared, and, as at the end of nine months no signs of ill-health were 
detested, Rocaz published the case as an apparent recovery after an attack 
of tuberculous meningitis. | 

The sequel was published by Renée Cruchet [15], under whom the 
shilc was readmitted twenty-two months later with symptoms similar 
7o tLose of the first attack, with, in addition,a marked deviation of the 
-ongue to the right. Two months after readmission the child had 
zmpc-oved to such an extent that he was up, playing with the other con- 
valezcents in the ward; but on this occasion the recovery did not last 
iny.length of time, and death followed a recrudescence of the disease. 
Post-mortem examination removed all doubts of the correctness of the 
diagnosis, as а thick mass of old tuberculous meningitis was found in 
:he region of the pons Varoli, while recent miliary tubercles studded 
she meninges at the base of the brain. 

“Aermann [38] also published a case of remission of the symptoms 
‘or Zour months in a child who died during the second attack. Post- 
nor.em examination showed that the meninges at the base of the brain 
were matted together by an exudation which extended into the Sylvian 
Assure, and in which, on microscopical examination, typical perivascular 
milixry tubercles were found. 
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(2) Recoveries. 


(а) Doubtful Cases.—Buchanan [8] showed a child before she 
Liverpool Medical Institute who had had the clinical symptoms of 
tuberculous meningitis, in whom Calmette’s ophthalmo-reaction gave a 
positive result, while there was a lymphocytosis of the cerebrospinal 
fluid withdrawn by lumbar puncture. Improvement followed an in- 
oculation with zoos mg. of new tuberculin; this inoculation was repeated 
three weeks later, and uninterrupted recovery ensued. In this case she 
positive result of Calmette’s ophthalmo-reaction shows the probable 
presence of tubercle somewhere in the body, while the lymphocytusis 
found in the cerebrospinal fluid is greatly in favour of the tuberculous 
nature of the meningitis; but on these facts alone the definite assertion 
that the meningitis was tuberculous cannot be made. 

Jirasek [35] has reported a case in which the family history was: 
very bad, the parents and other near relations being tuberculous, wlile 
the patient herself had pulmonary tuberculosis. Recovery took place 
after two attacks of meningeal symptoms with a year’s interval between 
them. 

Ovazza [42] and Porot [43] each record a case of recovery wh ch 
clinically presented the typical appearance of tuberculous meningisis, 
but no further confirmation is given as to the nature of the disease. 
An interesting fact is recorded by Porot [48]: it is that there had been 
an attack of meningitis previous to the one he himself observed, wh:ch 
had left nystagmus, strabismus, and а facial tic. In this case the 
patient had an extremely bad family history as regards tubercle. 

In the case recorded by Troisier and Broulé [59] the clinical 
symptoms’ of tuberculous meningitis were accompanied by a marked 
lymphocytosis in the cerebrospinal fluid, but no pathogenic organisms 
could be discovered. The meningeal symptoms lasted only eight days, 
and recovery was perfect, no sequele remaining after the meningeal 
symptoms had disappeared. Even the lymphocytosis was no longer pre- 
sent in the fluid obtained by a lumbar puncture done during convalescenze. 
These authors regarded the presence of a lymphocytosis as conclusive 
evidence of the tuberculous nature of the meningitis, but it must be 
remembered that Goggia [24] found a constant predominance of 
lymphocytes in the cerebrospinal fluid in a fatal case of meningococeal 
meningitis during the course of the disease. 

In cases reported by Sepet [52] and by Firmin Carles [9] it is 
recorded in confirmation of the clinical diagnosis that tuberculosis 
existed in near relations, that the progress of the disease was similar to 
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taat of tuberculous meningitis, and that positive results were obtained, 
із S-pet’s case with the sero-reaction of Arloing and Commont, in 
Carles with Calmette’s ophthalmo-reaction. The examination of the 
cereb-ospinal fluid also revealed a lymphocytosis, which was considered 
t be definite proof of the tuberculous nature of the disease. The 
Tosit-ve results of the tuberculin tests may have been due to tuberculosis 
Тї other parts of the body—for example, the mesenteric or posterior 
mediastinal glands. Further, in Carles’ case measles, followed by 
whocping-cough and broncho-pneumonia, occurred during the presence 
ef tLe meningeal, symptoms, and, even though the measles did not 
cppecr ‘until a month after the. onset of the illness, the fact that 
meniigeal symptoms often usher in an infectious disease must not be 
forgcoten. The case must be consequently received with caution. 

Senger [51] has stated that five cases in which he made the 
ciagrosis of tuberculous meningitis had recovered when treated with 
mercirial inunction, and that in three of them the recovery remained ` 
permanent; but he admitted that, as tubercle bacilli” had not been 
demcnstrated in the cerebrospinal fluid, the diagnosis was uncertain. 
Че argued that the slow onset, the photophobia, and the general 
сопа бор of the patients greatly favoured the sa of tuberculous 
rather than of acute cerebrospinal meningitis. 

Tzipier [58] in 1902 also recorded eight cases of tuberculous 
meningitis which he had cured in the prodromal stage by repeated 
Elistering of the head. As, however, he stated in this paper, that the 
ireatment to be successful must be applied as soon as meningitis is 
suspected, and that it is too late if the least trace of contracture or of 
parazysis has appeared, his cases probably were not tuberculous meningitis. 

Eaw [44], again, in a lecture delivered at the Medical Graduates’ 
College and Polyclinic, said: “In two cases of. apparent tuberculous 
neningitis, with all the classical signs, the symptoms entirely disappeared 
after four injections of tuberculin, and both children made rapid recovery. 
-n other two instances tuberculin had no effect, and the children died. 
Of course, it is impossible to be sure that the first two cases were of 
z tuFerculous nature, as tubercle bacilli could not be сны by lumbar 
2undmre, but I have no doubt myself that they were.’ 

О) Undoubted Cases.—In the following cases, on the other hand, the 
zorrectness of the diagnosis is, I think, indisputable. 

Freyhan [92], who was the first to publish a case in which the 
diagaosis was confirmed during life by the demonstration of tubercle 
2acilh in the cerebrospinal fluid, recorded the case of a workman, aged 20, 
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who was admitted to hospital, having suffered for three days with very 
severe headache in the occipital region, pains in the'legs, and insomnia. 

Examination revealed the characteristic symptoms of meningitis, 
which rapidly proceeded to the stage of coma. The diagnosis of cerebro- 
spinal meningitis was at once made, but was altered to tubercu ous 
meningitis when tubercle bacilli were found in the cerebrospinal fluid 
removed by lumbar puncture. А. very unfavourable prognosis was given ; 
but after the tenth day the patient steadily improved, and in three 
weeks was able to leave his bed. Three months later the man was well, 
though the optic neuritis which was present on admission persisted. 

Henkel [29] published the case of a boy, aged 10, who suffered 
from meningitis with double optic neuritis. Lumbar puncture and an 
examination of the cerebrospinal fluid disclosed numbers of tubercle 
bacilli, thus proving the: case to be tuberculous'meningitis. The boy 
remained in a serious condition for twelve days, and then gradually 
improved; а month after the onset of the attack he was able to walk. 
As the boy at this period was unsteady on his feet and reeled to the 
right, it was thought that there might be a solitary tuberculous mass in 
the cerebellum ; but all these symptoms disappeared within three weeks, 
and the boy was discharged without any trace of his illness. 

Gross [26] records the case of a boy, aged 17, who had been struck 
on the head with a beer-bottle five days before he came under observa- 
tion. The discovery of tubercle bacilli in the fluid withdrawn by 
lumbar puncture proved that the case was one,of tuberculous meningitis 
and that :the original diagnosis of serous meningitis was wrong. The 
boy gradually improved and made a perfect recovery from the meningeal 
disease, but twelve months after the onset of the meningitis he was 
found to have pulmonary tuberculosis. An interesting point in shis 
case was that the differential count of the cell elements present in the 
cerebrospinal fluid, in exception to the general rule, showed a pre- 
dominance of polymorphonuclear cells. . 

A very similar case is reported by Stark [53]. The diagnosis of 
enteric fever was at first made, as the patient, a man aged 44, was 
suffering from fever, vomiting, headache, diarrhoea, and retraction of ihe 
head. After four days, however, the appearance of ocular phenomena— 
viz. optio neuritis and inequality of pupils—together with a paresis of 
the face, showed that the disease was a meningitis. Lumbar puncture 
was performed, and tubercle bacilli were found in the cerebrospinal . 
fluid. The patient recovered completely and increased some 3 lb. in 
weight while under observation. | | 
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Barth [4] again published the case of a girl, aged 32 months, in. 
wkich the symptoms made him consider the possibility of tuberculous 
meningitis. ` As the disease progressed the symptoms became more 
chzracieristic, and the diagnosis was confirmed by the discovery of 
tuzercle bacilli in the cerebrospinal fluid. Contrary to expectation, the 
ез ld lived and, after an illness of six months’ duration, was restored to 
hzzlth. ` . 
At Ње Internationa] Congress of Tuberculosis held in Washington, 
„ліпе 1908, Stiles [54] related two cases which showed the 
possibilities of surgical treatment in this affection. In both cases an 
oxration was performed to relieve intracranial pressure, and in the fluid 
wlich escaped on opening the dura mater tubercle bacilli were found. 
Tle cases both recovered ; in one a recurrence of symptoms followed the 
clesure of the wound, but disappeared when the wound was reopened. 
Siles stated that in his opinion many lives would be saved if the 
above surgical procedure were adopted more frequently. 

The following is an abstract of a case reported by Alanzino [1]: The 
pazient presented the clinical symptoms of tuberculous meningitis; the 
cersbrospinal fluid gave a cell deposit in which lymphocytes were greatly 
ir excess, as is usual in this disease, and a guinea-pig inoculated with 
some af the fluid showed tuberculous lesions when killed on the fiftieth 

. daz.. The child recovered and was in perfect health during the six 
` mnths that he remained under observation. . 

Tedeschi [56] observed a case of recovery. from tuberculous 
meningitis in a girl aged 14. The differential count of the cell-elements 
ir the cerebrospinal fluid, together with the clinical symptoms, pointed 
to tuberculous meningitis, and this diagnosis was confirmed by the 
positive result obtained from the inoculation of a guinea-pig. The 
pazient recovered and was helping her mother in household duties when 
lass seen. Interesting points in this case were the absence of fever and 
от Kernig’s sign during the illness, as well as the almost complete 
а сарреатапсе of the lymphocytosis present in the cerebrospinal fluid 
pror te her discharge from hospital. 

A case is recorded by Jemma [88] in which a boy, aged 84, suffered 
frcm an illness that was proved to be tuberculous meningitis by the 
chixical symptoms, the presence of a lymphocytosis in the cerebrospinal 
fiud, and the inoculation of a guinea-pig with a positive result. The 
corvalescence was prolonged, but three years later the child was in good 
hzdbh. | | 

Gareiso [28] records а case from the Argentine Republié of a boy, 
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aged 8, in whom the onset was slow and the symptoms typical. The 
cerebrospinal fluid on examination showed the lymphocytosis usual in 
tuberculous meningitis, and inoculation of a guinea-pig resulted in its 
death from tuberculosis. The child was quite well at the end of six ' 
months and continued in good health for at least twelve months after 
the onset of the attack.« 

Claisse and Abrami [12] showed а case of recovery before the Société 
Médicale des Hôpitaux de Paris. The onset of the illness in the patient, 
а man aged 30, was characteristic and was accompanied by fatigue, 
headache, loss of flesh, and insomnia. Later the patient suffered from 
delirium, accompanied by violent actions, ideas of persecution, anorexia, 
obstinate constipation; the pupils were unequal and reacted slowly to 
light. There was a lymphocytosis of the cerebrospinal fluid end a 
guinea-pig which was inoculated died of tuberculosis. The patient made 
a satisfactory recovery. 

In a discussion which took place Montard- Martin, Sicard, and Achard 
mentioned cases under their care in which remissions had taken place, 
while Dufour stated that on two occasions he had made post-mortem 
examinations and had found cerebral and meningeal tubercles which 
were not of the same age. 

At the next meeting of the same Society Vaquez and Digne [60] 
communicated a similar case of recovery from tuberculous meningitis. 
The.clinical signs were most characteristic, and the diagnosis was con- 
firmed by the examination of the cerebrospinal fluid, as well as by the 
positive result obtained from the inoculation of it into a guinea-pig. 
After recovery, instead of the large number previously preseni, the 
cerebrospinal fiuid contained but few lymphocytes and no longer 
produced tuberculous lesions in guinea-pigs. 

Vaquez and Digne considered that meningitis was undoubtedly 
present unless the clinical symptoms, as well as the macroscopiz and 
microscopic character of the cerebrospinal fluid, were of no significance, 
and that the tuberculous nature of the meningitis was conclusively 
proved by the fact that the liquid withdrawn by lumbar puncture 
caused tuberculosis in a guinea-pig. 

In a case recorded by Rossini'[49] the tuberculous nature of the 
disease was demonstrated by the inoculation of a guinea-pig and the 
production of a generalized tuberculosis in the animal. There was 
complete recovery. 

The case recorded by Janssen [81] was that of a soldier, aged 19, 
who, after an attack which was diagnosed as tuberculous meningitis, 
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reco-ered sufficiently to resume his military duties. Three years later 
ihe man died from phthisis after an illness of four months. Post-mortem 
examination revealed yellow caseous masses on either side of the superior 
bngtadinal sinus, which on careful examination were found to consist 
af small round tubercles. Scattered tubercles, completely obsolete, were 
clso сопа over the pia mater, especially along the course of the vessels 
спа -n the sulci between the convolutions. Similar obsolete tubercles 
"vere Zound around the optic chiasma at the base of the brain. Micro- 
scop-cal examination failed to disclose tubercle bacilli and indicated that 
the tcbercles were of considerable age. 

canssen refers to cases of recovery from tuberculous meningitis which 
` = haws been unable to trace. Politzer observed a case in which death 
occucred in a relapse three years after the first attack. On post-mortem 
exaramation he found thick fibrous tissue over the base of the brain, 
whic: was evidently produced by the previous attack, and young dis- 
semimated tubercles in the pia-arachnoid. Schwalbe observed two cases 
7n which recovery from tuberculous meningitis took place. The patients 
died later from diphtheria, and the diagnosis was then confirmed by the 
disccvery of a meningeal tuberculosis not of recent date. Another case 
of recovery from tuberculous meningitis is reported by Carrington, in 
whick diagnosis was confirmed by post-mortem examination as the 
gatiert died later from psoas abscess. Finally, Janssen refers to a 
дарег by Leube, in which there is reported the case of a girl, aged 
24, «30 presented signs of phthisis and of inflammation of the spinal 
memnges. Тһе latter symptoms subsided, leaving only: a few traces 
>ehind. The diagnosis of tuberculous spinal meningitis was later con- 
cirmad, as the girl died from generalized tuberculous meningitis, and 
gostazortem examination revealed an older tuberculous affection of the 
spina. meninges. 

a. case of récovery from tuberculous meningitis was published Ьу. 
Riebcld [45]. A young girl, aged 6, presented all its symptoms; the 
diag3osis was placed beyond doubt by the discovery of numerous tubercle 
bacil: in the cerebrospinal fluid and the intraperitoneal inoculation of 
zuirza-pigs, with as a result the production of typical generalized tuber- 
xulosm. The treatment of this case was lumbar puncture repeated daily 
anti 574 c.c. of fluid had been withdrawn. After the early punctures 
zmp-cvement took place and the general condition gradually returned to 
normal. At the beginning of 1906, two months after the onset of 
zhe ilness, the patient was considered out of danger, and when seen 
n £ugust of the same year was in excellent health. The evidence 
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as to the tuberculous nature of the meningitis is in this case vary 
conclusive. . 

Possibly the most interesting case of all is that recorded by 
Rumpel [50], who exhibited at the Aerzthcher Verein in Hamburg the 
brain of a boy, aged 17, who had died of phthisis. At the age of mine 
the lad had an acute attaak of meningitis in which there was retraction 
of the head, hyperesthesia, absence of the knee-jerks, bilateral optic 
neuritis, ptosis end, paralysis of the external recti. Lumbar puncture 
gave а fluid in which tubercle bacilli were found. The boy, who was - 
treated by repeased lumbar punctures, recovered, and, though for some 
months he was dull and stupid, he eventually returned to his normal 
mental condition and was able to keep pace with others of his age at 
school, while all abnormal physical signs had disappeared. He remained 
about four years in good health, but then developed a tuberculous abscess 
in the axilla, wh:ch was followed by pulmonary tuberculosis; death took 
place eight years after the onset of his meningeal symptoms. At the 
post-mortem examination it was found that the membranes over the 
fissure of Sylvius on either side of the brain were thickened and glued 
together, but miliary tubercles were no longer visible. In this case not 
only was there confirmation of the diagnosis during life by the discovery 
of tubercle bacilli, but also a post-mortem examination in which the site 
of. the old meningitis was discovered. 

‘In the three cases which follow the observers record the discovery of 
tubercles in the choroid on ophthalmoscopic examination as a confirma- 
tion of the diagnosis of tuberculous meningitis. 

In Lunn's [37] case the patient was a girl, aged 6, whose father had 
died from phthisis; she was admitted to the St. Marylebone Infirmary 
with symptoms resembling those of enteric fever. Six days after 
admission the symptoms became those of meningitis, and there was a 
blood-stained discharge from the left ear, which, however, soon ceasad. 
On ophthalmoscopic examination optic neuritis was discovered in the 
eyes, and in the left a large white oval area about one-third the size of 
the optic disc was seen. This area appeared somewhat raised and was 
free from pigment, except for a fine line at the lower border. The 
retinal vessels passed over it. Two smaller patches were also noticed : 
the one, white ir colour, was situated near the lower and outer edge of 
the large area; the other, of a greyish hue, was placed above the inferior 
temporal vessel The eyes were examined by Lunn, Rayner-Batten, 
'and Lawford, who agreed that tubercle of the choroid was present, and 
accordingly a diagnosis of tuberculous meningitis was made. Three 


REMISSIONS AND RECOVERY IN TUBERCULOUS MENINGITIS 227 


Jey: later the child began to improve and recovery ensued. Before the 
ЗЯ left the Infirmary the optic neuritis and one of the smaller patches 
281 vanished. The large oval area was still present, and the small patch 
waiszh remained was fading. 

Although the symptoms in this case were not very conclusive, the 
presence of the optic neuritis and other cerepral symptoms makes the 
Jiagnosis of meningitis probable. The presence of tubercles of the 
skoraid points to the meningeal disease being of a tuberculous 
nstcre. 

Dujardin-Beaumetz [18] recorded a case in which the symptoms 
were at first supposed to be those of enteric fever, but gradually pro- 
zresed until the typical appearance of tuberculous meningitis was 
present. The man, however, recovered and was discharged without any 
zrace of the illness. Dujardin-Beaumetz, feeling sure of his diagnosis, 
зға an examination made by an ophthalmic surgeon, who found in the 
~ighs eye not only all the signs which are characteristic of tuberculous 
msnmingitis, but also a tubercle of the choroid, which he believed 
confrmed the diagnosis. 

Zn Thomalla's [57] patient the parents were tuberculous, and the 
mar himself suffered from rectal fistule of a tuberculous nature. The 
symptoms were those of tuberculous meningitis, and an ophthalmo- 
„сорс examination disclosed two absolutely typical recent tubercles in 
-hə zhoroid of the left eye. The patient made an excellent recovery, 
znd three months after the onset of the attack the choroidal tubercles 
vere found to have disappeared, leaving only a pigmented scar behind. 


IV. DIFFERENTIAL DIAGNOSIS. 


Ji the differential diagnosis of tubercular meningitis there must’ be 
takea into consideration that condition known as meningism, a term 
eppled to the appearance of symptoms which simulate more or less 
clcsdy those of meningitis in the course of infective illnesses and 
mtozications, but no morbid lesions can be found in the meninges after 
ceata; and serous meningitis. This condition, in which there is an 
exidation of serous fluid into the subarachnoid space, can also produce 
fhe gymptoms of an infective meningitis; but the temperature is usually 
ro; a£ high as in true meningitis, and it soon returns to the normal, the 
Leadache is less severe, the retraction of the head is less marked, and the 
Lhyecal signs are only transitory. Optic neuritis is frequently present 
end he knee-jerks may be absent. 
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These conditions can be, however, distinguished from true menin- 
gitis by lumbar puncture, as the fluid, though often tinder great .tension, 
is clear, contains an increased amount of albumin, but only a few cell 
elements and no micro-organisms. 

Serous meningitis is usually due to some toxin circulating in the 
blood, and it is of interest in relation to our subject that many authors, 
as Miinzer [89], Riebold [45], and Biedert [7] consider that she 
tubercular toxines occupy the most important place in its etiology. , 

In addition to the clinical evidence of this we have the experimertal 
work of Armand-Delille [2]. By the injection of extracts of toxins 
obtained from tke tubercle bacillus into the subarachnoid space of she 
brain he was able to produce a diffuse infiltration of the pia mater 
with mononuclear and polymorphonuclear leucocytes, which in places 
tended to form nodules, in -the centre of which caseation could be ofSen 
observed ; similar cells also infiltrated the perivascular spaces, and secon- 
dary changes were often observed in the’ adjacent nerve cells. In a later 
stage these changes were represented by a sclerosis of the pia~arach- 
noid. The lesions produced by the local action of tuberculous toxins 
thus resemble closely those of tuberculous meningitis. 

Laignel-Lavastine [86] has also shown that pathological changes 
can be detected in the nerve cells of the cerebral cortex in general 
tuberculosis, even when there is no infection of the brain. 

These clinical and experimental facts demonstrate that the tubescu- 
lous toxins can produce lesions both of the meninges and of the 
cerebral cortex spart from direct infection. 

In serous, however, as distinguished from infective istnd ihe 
exudation is caused solely by the action of toxins, and micro-organisms 
cannot be found in the cerebrospinal fluid. 

From this fact it follows that the cases I have collected, in which 
the presence of tubercle bacilli has been demonstrated in the cerebro- 
spinal fluid either microscopically or by inoculation, must be regarded 
as recoveries from true tuberculous meningitis; but in those cases in 
which the diagnosis has been based on the clinical aspect alone, or on 
this together with the presence of a lymphocytosis of the cerebro- 
spinal fluid and a positive result given by tuberculin reactions, i; is 
difficult to say whether there has been a serous or а true tuberculous 
meningitis. 

It 15 well known that the progress of tuberculosis in other organs 
may be interrapted by periods of quiescence, or even by recovery. 
Apparently the resistance of the individual to the disease is an impor- 


AXENMISSIONS AND RECOVERY IN TUBERCULOUS MENINGITIS 299 


tant fu-tor, and that this comes into play in tuberculous meningitis is 
ev.dert from the course and duration of the disease in different indi- 
viduals Hall and Hopkins [28], for instance, found that the duration 
of the disease varied between three and ninety days in fifty-two cases 
wick shey observed. 

Despite the clinical experience of many expert observers and the 
st_tem=nts to the contrary contained in many ‘medical text-books, it is 
thsref-e not irrational to consider the possibility that tuberculous 
menirgitis, too, may terminate in recovery or in long periods of 
remiscion. 

In. zhe post-mortem examinations which have been made on patients 
in. whem remissions or recoveries have occurred the earlier tuberculous 
le-ion have been represented merely by a sclerosis of the meninges ; 
wa may consequently assume, in those cases which recover from tuber- 
cdous meningitis, either that the virulence of the bacilli has been so 
srsall that the lesion has had little or no tendency to become dissemi- 
neted суег the meninges, or that the resisting power of the patient has 
been sc great that the tuberculous meningitis terminated at an early 
verioc of its existence. 

The fact that a recurrence of the disease has taken place after 
xany years (in Rilliet’s [46] case five and a half years intervened 
betwen the attacks) proves that the localized form is a constant source 
oí danazer, and that the possibility of a recurrence must be always 
acnsicered. 


V. TREATMENT. 


Tis interesting to review the treatment adopted in the cases which 
recovered, or in which there was a long period of remission from active 
d&eae I hoped to find some one method which might be considered as 
scntr‘kuting largely to the successful termination, but this has not 
230ved the case, for the methods of treatment adopted differ widely, and 
2ech physician attributes the fortunate termination to the particular 
athen he employed. | 

Jexssen [31] considered that the recovery of the patient under his 
zere "as due to enormous doses of iodide of potassium, 600 gr. a day 
bing che amount administered. Barth [4], on the other hand, obtained 
na improvement with potassium iodide, baths and cold effusions to the 
head, эп attributed the recovery in his case to the abstraction of blood 
b> leeches applied over the mastoid processes for eight consecutive days. 


de 
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Rumpel [50] and Riebold [45] believed that recovery in 3heir | 

respective cases was due to repeated lumbar punture, which rel eved 
tension and withdrew the toxins present in the cerebrospinal duid. 
Stiles [54] strongly recommended operation with the same objest in 
‘view. Finally, Rossini [49] considered the recovery of his case dae to 
the injection of 1 oz. of a 1 per cent. solution of iodoform in almord oil 
into the subarachnoid-sbace every six hours, and every second dzy an 
intravenous injection of a 1 per cent. solution of iodine and potassium 
iodide. AT : 
As successful results have been obtained by methods which differ so 
widely, and as each of these methods has been tried repeatedly in other 
cases without success, the only safe conclusion is that the treatment 
employed had little or nothing to do with the recovery of the pati=nts, 
and that the fortunate termination depénded either on the increased . 
resistance offered by the patients to the action of the tubercle bacili, or 
on the small virulence of the bacilli themselves. 

Finally, I must take this opportunity of expressing my thanEs to 
Dr. F. E. Batten, who suggested this investigation to me and aided me 
in it with his advice and criticisms. 


VI. CONCLUSIONS. 


The conclusions to be drawn from the above facts are :— 

(1) That undoubtedly long remissions and even recoveries do cocur 
in tuberculous meningitis. 

(2) That recoveries are possibly more frequent than has been believed, 
since no fewer than twenty undoubted cases have been recorded since 
1894, while other cases of recovery have been published in whick the 
same definite proof of the nature of the disease has not been afforded, 
but some of which probably were true cases of tuberculous meningit:s. 

(8) That in these cases either the resistance of the individual = so 
much greater than usual that the disease is checked early in 115 course, 
or the virulence of the bacilli is so much less than usual that the lesion 
in the meninges becomes localized and later undergoes a fibrous change. 

(4) That the lesion in the meninges may at a later period forn: the 
focus of a fresh infection which usually terminates fatally, and that 
consequently the prognosis in these cases must be guarded. 

(5) That no treatment up to the present has been discovered wich 
has had any specific effect in promoting the favourable terminatioa of 
the disease. s 
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[Notes on a book under this heading do not preclude a 
subsequent review. | 


Arbe en aus der deutschen psychiatrischen Uniwversitdts-Klink in 
Frag. Herausgegeben von Professor Dr. ARNOLD Pick. Mit 
zahlreichen Abbildungen im Text und 11 Tafeln, S. 143. Berlin: 
Earger, 1908. х : 


Or» of the most interesting papers in this collection is that on a case where 
che krwledge of the position of parts of the body was gravely disturbed. The 
watiens did not know where such parts as her ears, her eyes, her legs were to be 
wound. Told to touch her nose, she could do so automatically ; but if her hands 
"vere aeld for a moment, so that this automatic response was prevented, she 
„ватсіза in her lap and other parts of her body. A full abstract is given of 
>rofessor Pick’s contribution to the Amsterdam Congress on asymboly and 
aphasm. Papers on tumours of the hypophysis, on the symptomatology 
2roduzed by atrophy of the occipital lobes, on local senile atrophy of the brain, 
on the loss of cortical fibres in general paralysis, make up an interesting volume. 


{ебет die Functionen von Hirn und Riickenmark. (Gesammelte 
itelungen—Neue Folge.) Von HERMANN Момк. Mit 4 Text- 
aguren, S. 871. Belin: Hirschwald, 1909. 


We welcome this reprint of the papers of Professor Munk on the functions 
э? th- cortex and the cerebellum. For when the dust of a controversy has 
Неа cown it is well to look back on the documents to learn how the universal 
belief. of to-day have been built up. А perusal of these papers shows how 
muci: we owe to Professor Munk and his insistence on the afferent basis of 
xortical disturbances. 


Symptoms and their Interpretation. By~-James MaokENzig, M.D., 
M.R.C.P. Pp. 297. London: Shaw and Sons, 1909. 


ty this book, devoted mainly to a formal statement of his views on pain of 
~viscezal origin, the author brings his great practical experience of disease to bear 


t 
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on symptoms arising from reflex irritation of the nervous system. First he deals 
with the nature of pain, and insists that the viscera are*completely insens-tive. 
The causes of referred pain are discussed, and a chapter is devoted to increased 
sensibility of the external body-wall' which' so frequently accompanies it. 
The author insists on the importance of recognising the contraction of muscles 
evoked reflexly by visceral pain, so often misinterpreted by physicians. He 
then passes to a detailed gonsideration of the pain produced by the affection 
of the several organs based in every case on his own observations. Fimally, 
the author sums up in a general estimation of the value of symptoms. ‘There 
is a full index, which greatly facilitates reference to the many symptoms cealt 
with in this work. І 


A Text-book of Experimental Psychology. By CHARLES б. Мүснѕ, 
Lecturer in the University of Cambridge. With 66 figures and 
diagrams, pp. 432. London: Edwin Arnold, 1909. 


- This is a most valuable "handbook, and worthily supplies a long-felt want. 
In each chapter the student is given a short and readable account of some 
psychological question from the experimental standpoint. Every chapter has 
an appendix, in which the technical details of the elucidatory experiments are 
clearly described. The book begins with cutaneous sensations, and passes on 
through the special senses to the consideration of reaction-time, memory, 
local signature, identity and difference. Time and rhythm, attention and 
feeling, are also dealt with. The author is to be congratulated on the clearness 
and brevity of his explanations, in spite of the extensive ground covered by shis 
work. i 


Lezioni di Anatomia Clinica dei Centri Nervost. Per G. MINGAZZINI. 
With many illustrations, pp. 638. Torino: Unione Tipografco- 
editrice torinese, 1908. ' 


This book consists of a series of lectures on the anatomy and function: of 
the central nervous system. In each chapter a single theme is dealt with 
and the anatomy and the functions of the part described. Thus three chapters 
are devoted to the spinal cord, eleven to the mid-brain and cerebellum, 
and four to the cerebrum. The author deals with the aphasia, alexia, snd 
agraphia, and a lecture is devoted to the relation of speech and thought, The 
book is profusely illustrated with diagrams. | 


The Medical Annual for 1909. Рр. 744. With many illustrations. 
` Bristol: John Wright; and London: Simpkin, Marshall and Co., 
1909. | ) 


This volume is in every way up to the standard of its predecessors. Faw 
fresh methods of treatment have been introduced into neurological practice 
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juring he last year, but the alcohol treatment of neuralgia receives full notice, 
amd tere is a good “article on intracranial surgery. The illustrations are 
remarzably- good. 


E»ilezia. Revue internationale trimestrielle, consacrée à l'étude au 
pcint de vue pathologique, thérapeutique, social et juridique de 
Epilepsie et des Maladies nerveuses du* méme ordre. Sous le 
patronage de MM. W. BECHTEREW; О. BINSWANGER; J. 
EucuniNGS JACKSON; 1. LUCIANI; Н. OBERSTEINER ; F, 
RAYMOND; avec une Comité de la Rédaction. le Année, 
©те Fase.  Avril—Juin, 1909. Amsterdam: Scheltema and 
Eolkema. | 


THs number contains papers by Binswanger, Allan McDougall, Donath, 
l-uskeas and Apelt. To each paper is appended a short summary in a second 
lenguu: e. 


` 
- 


Die i£ykennung des Schwachsinns im Kindesalter, Von Professor Dr. 
Tm. ZIEHEN. В. 82. Berlin: Karger, 1909. | 


TES is an address to teachers and parents оп the signs of mental defect in 
елата, In simple language the abnormalities of the skull, the skeleton, and 
tae general bodily development are shortly described, and the author then passes 
on to-~ant of co-ordination and other similar defects. Не then treats of mental 
defectz which he ‘groups under the heading of memory, comprehension, and 
judgment. This pamphlet would form an excellent guide to anyone anxious 
t» pul before teachers the simple signs of defective mental development. 


Crumnzriss der psychiatrischen Diagnostik. Von Professor Dr. RAECKE. 
cit 11 Textfguren. /S. 146. Berlin: Hirschwald, 1908. 


Ths little book, which can be carried in the pocket, gives the various 
methe.s of examining the insane. It is adapted for German patients, but 
some =milar pocket-book of methods is sadly wanting in English, and might 
yerhacs improve the note-taking in our asylums. 


I'eurcogical and Mental Diagnosis: a Manual of Methods. By L. 
Emerce Crarx, M.D., and A. Ross Disrenporr, М.р. Pp. 188. 
“ew York: The Macmillan Co., 1908. 


Ir she first half of this book the methods of neurological examination are 
cascr-bed in order. It contains nothing new, and some of the methods advised 
ате umnecessarily slipshod. Тһе second half is devoted to the methods of 
exammation in mental disease, but the general scheme is too short even for a 
ssudeasw. It is dificult to see how the glossary at the end could be of use 
to amy but an asylum attendant, 


286 PUBLICATIONS RECENTLY RECEIVED 


Nervous and Mental Diseases for Students and Practitioners. By 
CHARLES 8. Porrs, M.D. Second edition revised and enlarged. 
Illustrated with 183 engravings and.9 plates, pp. 570. London: 
Kimpton, 1908. 

This is a small text-book on conventional lines. The symptoms which may 


occur in the course of amy one disease are thrown together in a form so 
compact that the student can obtain no picture of the disease. 


Weiters of “Original Articles and Clinical Cases" are supplied free of charge 
with БО copies reprinted in the form ín which the paper stands in the pages of 
*"Benin." If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
form Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 
Loncon, W. 


fwembers of the Neurological Section of the Royal Society of Medicine can 
cota:n the Index of Brain” for the Volumes 1. to XXIII. inclusive, that is, from 
is commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
€t. Plartin’s Street, London, W.C., at the price of 6s. 6d., post free. 


T> those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. Gd. net, and the volume may be obtained 


taroagh any bookseller. 
EDITOR, 


[NOVEMBER, 1909 J 


BRAIN. 


PART IIL, 1909. 


Original Articles and Clinical Cases. 


ON THE CERVICAL SPINO-BULBAR AND SPINO-CERE- 
BELLAR TRACTS AND ON THE QUESTION OF TOPO- 
GRAPHICAL REPRESENTATION IN THE CEREBELLUM 


BY A SALUSBURY MacNALTY. MB, 


AMD 


SIR VICTOR HORSLEY, F.R.S., F.R.C.S. 


Fror the Laboratory of Pathological Chemistry, Unversity College, London. 


INTRODUCTION. 


THE object of the following investigation was to establish, if 
possible, what tracts ascend from the cervical region of the spinal 
cord to the bulb and to the cerebellum, for it is curious that 
hiatuses yet exist in our precise knowledge of the tracts which 
pass from the spinal cord to the cerebellum, one of the most 
notable being the absence of investigation into the relation of the 
spina. innervation of the fore-lmb to the cerebellum. Indeed, as 
regaris the spinal cord itself, practically the only ‘attempt to 
compare the proportional representation of the fore- and hind-limb 
raspectively in the spino-cerebellar paths is contained in the paper by 
Collier and Buzzard (vide Table A, p. 242). In the present work the 
exam.nation of our material has also afforded an opportunity of con- 
sedering how far anatomical research supports the views on the localiza- 
Lon cf function in the cerebellum which have been especially advanced 
ly ven Rijnberk on the anatomical ideas of Bolk. 

As regards the first of these questions, while the source of 
tae cirect tractus spino-cerebellaris dorsalis 15 fairly well recognized 


end its destination partly ascertained, the origin of the tractus 
BR.IIN.—'TOL. XXXII 16 
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spino-cerebellaris ventralis, Gowers’ tract, is almost as unknown 
to-day as when Edinger said of it in 1904 “der Ursprungsort ist 
noch nicht bekannt." 

Its terminal distribution also to the*vermis cerebelli, first ascer- 
tained by Mott, has since been variously described and гедсігеѕ 
fresh determination. Further, the origin and .destination of the 
marginal fibres between these two great tracts and which compose 
the dorso-ventral tract of Pellizzi have received little , atten-ion, 
except from that author. - 

Our anatomical results will be classified according to eack of 
these tracts in their dorsal and ventral order, but chiefly accorling 
to the metameric level of the cord from which the fibres arise. 
For this purpose, we may draw attention to the arrangemen. of 
the motor functions of the spinal cord which are in part subse-ved 
by the spino-cerebellar arcs of which Flechsig’s and Gowers’ tracts 
constitute the afferent side. , 


Arrangement of the Motor Representation of the Trunk and Lenbs 
in the Spinal Cord. 


Though the spinal cord must be regarded as a segmental 
mechanism, 16 1s also the seat of special groupings of nerve’ certres 
(Goltz, Sherrington, Lapinsky) innervating the musculature for 
movements of the head and neck, of the fore-limb, the trunk 
and the hind-limb. It is the association of such compound certral 
mechanisms with the cerebellum that is subserved by the врпо- 
cerebellar paths, and therefore it appears to us that the affe-ent 
impressions to the small brain may be considered as origina-ing 
in one or other of the following regions: 


; { Rotation of head | Flexion, extension, 
Region I 10. to 4С. { and neck lateral adduction 
Region II .. 5C.to1lD. ... Fore limb of head and reck. 
Region IIT ... 2D.to2L.'.. Trunk -— Flexion, exten.ion, 

lateral adduction 
Region ТҮ ... 81. о 28. ... Hind limb - of trunk. 


Hence each of the fundamental subdivisions or parts of the 
body may schematically be regarded as represented in one of “our 
regions of the cord (Region І, IL, IM., IV), which may єоп- 
veniently be termed the head and neck region, the fore-hmb or 
arm region, the trunk region, and the hind-limb region respectively. 


" 
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“A crude classification of this sort also has the advantage of 
ecnveying reference eto the physiological relationships of these parts 
сЁ the body. 


* 


HISTORICAL SURVEY. 


The general literature of the spmo-cerebellar tracts is well known, 
brt it appeared to us, in endeavouring to map out the destination of 
tte tract-fibres, that ıt would be useful to tabulate the knowledge 
already gained as follows :— 


Table A.—Historical Table of Gowers’ Tract (Tractus spino-cerebellaris 





Aut ior 





Ezstian 


Growers 


Sieger 


Testut 





Lisvential 





Reference 


ventralis). 


Nature of Research 





Abstract 








Med. Chir Trans., 
1867, p. 499 


“ Diagnosis of dı- 
seases of the 
spinal cord,” 
1879 


Suzungsb. d. K.K. 
Akad. d. Wiss- 
ensch. Wren, 1881, 
Bd. Ixxxiv 


Traité d'anatomie 
humaine, vol. iL, 
p. 852 


Revue Med. de 
la Suse Ro- 
mande, 1885, p. 
511. 











Case of paraplegia | The tract consists of afferent fibres 


Cases of paraplegia 


Experimental de- 
generations 


Anatomical evi- 


dence 


Experimental de. 
generation 


and 1s part of the dorsal or direct 
cerebellar tract, 


Probably conducts painful sensa- 
tions from the opposite side of the 
body; its component fibres pro- 
bably arise from cells in the pos- 
terior commissure. 


Considered tractus ventralis а spino- 
cerebellai опо. 


Divides cerebellar tract into ventral 
and dorsal portions and states that 

' their fibres thus directly represent 
long anastomoses between the su- 
perior vermis of the cerebellum 
and Clarke's column. 


Lesion between fifth and sixth pairs 
of cervical nerves. Whole of left 
lateral column destroyed. Ven- 
tral portion of cerebellar tract is 
traced up to where it turns towards 
the external periphery of the su- 
perior cerebellar peduncle, and then 
runs backwards describing outside 
the peduncle a prolonged half- 
turn and eventually appears at the 
dorso-internal side of the superior 
cerebellar peduncle at the spot 
where the peduncle reaches the 
medullary velum of the cerebellum. 
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Author Reference Nature of Research Abstract 
= ` att Sse E EEE 
Singer “Ueber die Veran- | Compression о} Origin of tract is in cells of anterior 
dcrungen 1ш | abdominal aorta; cornu їп the lumbar enlargement. 
Raickenmark|Expeimnental de- 
! mach  zeitweiler generation 
V erschliessung 5 
der Bauch Aorta,” Ы 
` Swzungsb.d. K K. 
Alad. d. Wass- 
ensch. Waen, Е ‚ 
8 Abth,, 1887, ' a 
95-96 
Auerbach * Zur Anatomie | Experimental de- | Posterior part of half spinal cord 
; der aufsteigend | generation destroyed for some length. (Pos- 
dezeneriren don terior white column, posterior, norn 
Srsteme des| ” of grey matter and posterior part 
Rückenmarks," of lateral column.) Degenerazons 
Arai,  Amezewcr, in ventro-lateral cerebellar tract up 
1830, No. 3 u. 4. to ventral part of superior vermis 
Also “Zur Ana- of cerebellum The number о: de- 
tomic der Vorder- generated fibres m anterior and 
seiten - stran- antero - lateral column decreases 
greste,” Arch. f. from below upwards. 
Pcthol. Anat. ш. ы 
Physiol. v. Vir- : 
chow, Bd. 191,| 
1830, S. 199 
Edinger '*Einigesvom Ver- | Anatomical work | Anteio-lateral tract is probably con- 
lauf dor Gefubls- | on spinal'cords} nected with transmission of pain- 
bahneni m Cen-| of fishes, reptiles | ful sensations from opposite aide, 
беп Nerven-| and amphibia but fibres come from cells of pos- 
system," Deutsch. terior horn and decussate in anterior 
med, Wochenschr., commissure, 
1830, S. 421 Section of posterior roots causes no 
И degeneration in the antero-laseral 
column. 
Bechterew Neurol. Centralbl.,| Myelinisation me- | Gowers’ tract undergoes develop- 
1820, S. 354 thod : ment at a different period from the 
í rest of the lateral column. 
Mott ** Ascending De- | Experimental de- | Antero-lateral tract divided either on 


generation result- 
inz from Lesions 
of zhe Spinal Cord 
in Monkeys,” 
Bram, vol. xv, 
1892, p 215 


generation 





one side or both sides. Ventral 
cerebellar tract may be зот- 
pletely divided in monkeys :рра- 
rently without producing analgesia. 
Gowers’ tract traced to the ventral 
part of the superior vermis by way 
of the superior cerebellar peduncle 
forming in its course a remarkable 
loop over the fifth nerve. Best- 
tered fibres belonging to the fillet 
system can be traced as far as the 
anterior corpus quadrigeminum of 
the same side. 
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Reference 
а. 





льн 


Veil 


а Sasier Russell 


Reader 


=. Kohnstamm 


Luzbous.hine ... 


Joi n of Physiol., 
1894, vol. xvi, 
p 368 


"Experimental 
Enquiry upon the 
Afterent Tracts of 
the Central Ner- 
vous System of 
the Monkey, 
Bram, vol. xvni, 
1895, p. 1 


“ Sur les dégénére- 
Scences secon- 
daires dans le 
systéme nerveux 
central ala sute 
de lésions de la 
moelle, et de la 
section de racines 
spinales," Arch 
Ital. de Brol., 
t. xxiv, 1895, : 
89 


Bram, 1898, vol. 
xxi, p. 145 


Journ. of Physiol., 
1899, vol. xxiv, 
р. ххіп 


New ol Centralbl , 
March,1900, S. 249 





Le Nevrace, 
vol. ni, 1901.2, 
p. 188. 





1 











Nature of Research 








"941 





Abstract 





Longitudinal divi-| Found an ascending degeneration 


Qion of the spinal 
cord 


at the anterior border of the cere- 
bellar tract. 


Injury to anterior | In sections above the lesion degenera- 


cornua. Degene- 
ration evidence 


Experimental de- 
generation after 
longitudinal divi- 


tion 1s found on both sides of the 
cofd in the cerebellar and antero- 
lateral tracts. 


Unilateral section of posterior roots. 
Degenerated fibies sometimes found 
in opposite antero-lateral column. 


sion of spinal cord | Assumes (1) These fibres come from 


Experimental de-. Ventral 


generation 


Case of tumour of 
spinal cord. De- 


generation evi. 
dence 

Chromaitolysis evi- 
dence 


Degeneration evi- 
dence 


Degeneration evi- 
dence 





cells of grey matter of the same side 
as the lesion and cross over in the 
anterior commussure, or (2) were 
damaged fibres due to vascular 
changes in the grey matter, the 
result of operation. 


cerebellar tract follows 
course of superior cerebellar pe- 
duncle, spreads out feather-wise 
en panache) and crossing with the 
bres of the opposite side radiates 
into the white substance of the 
cerebellar folia of the anterior and 
inferior part of the superior vermis 
Before crossing in the middle Ime a 
large bundle goes upwards to the 
Superior portion of the superior 
vermis. He suggests that these 
fibres cross successively higher up. 
No fibres seen going to cerebellar 
nuclei. 
After section of posterior roots 
(lumbo-sacral and cervical) he 
observed degenerations in the 
cerebellar tracts! 


Gowers’ tract begins at the level of 
the third lumbar. 


States some fibres of Gowers’ tract 
arise from cells of Clarke's column. 


The lesion destroyed the posterior 
quadrant of the cord, including the 
postenor horn 

In Gowers’ tract the more proxi- 
mally arising fibres lie median to 
fibres arising further back. 


Diffuse mjection lesion of posterior 
cornu. 

Concluded that the fibres of Gowers’ 
tract arise from the posterior cornu 
of both sides, 
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Author 





Collier and F. 
Buzzard 


Quensel and 
Kohnstamm 


Schafer and 
Symington 








Reference $ 





Nature of Resear ch 





Brain, 1908, vol. | Degeneration evi- 


xxvi, p. 559 


dence from chini* 
cal cases 


Neurol. Centralbl., | Degeneration evi- 


1927, S. 1138 


dence 


Quarn’'s Anat., | Epitome of all evi- 


1lth Ed., 1908, 
vol ni, pt. 1, 
рр. 85, 97, &c. 


dence 








Abstiact 
acest TONES EI UH NOT ROREM 





First discussed fully the re.ative 
regional origin of the spinoscere- 
bellar tracts. Probably less than 
one-half of the tractus spinoscere- 
bellaris dorsalis is cervical and 
thoracic in origin. Found Тай a 
mesial bundle of the tractus zono- 
cerebellaris dorsalis gave colla erals 
to the nucleus dentatu’, and 1n erior 
vermis (lobes ?). The lateral mam 
bundle also gave collaterals t» the 
nucleus dentatus. 

Degenerate fibres traceable te all 
parts of the cerebellar cortex 
especially the lower part o£ the 
lateral lobe. 

Regard spmo-vestibular fibres as of 
lumbo-sacral origin only. Also 
that Gowers’ tract sends fibr-s to 
both lateral lobes and to in=rior 
vermis, also to the dentate nueleus 
as well as the nucleus fastigu. 


Regard the whole Gowers’ system as 
arising from the posterior cornual 
cells of the contra-lateral side. 


** The dorsal and ventral spino zere- 
bellar tracts perhaps have a common 
origin, possibly from the ceks of 
Clark's column, but also from ether 
cells 1n the grey matter of the -ame 
and perhaps of the opposite этсе,” 


Table B.—Historical Table of Flechsig’s Tract (Tractus spino- 
cerebellaris dorsalis). 


Flechsig 


Lowenthal 


Auerbach 


Mott 





©“ Leitungsbahnen 
im Gehirn u. 
Rackenmark," 
Lcipzig, 1876 


Revue Med. de ia 
Suwse Romande, 
1885, p, 511 


Vide reference in 
Table of Gowers’ 
tract, 1890 


Brawn, 1890, vol. 
xiii, p. 433 


Brain, 1892, vol. 
xv p. 215 


} 


Myelinisation evi- 
dence 


r 


Lesion between 
fifth and sixth 
pairs of cervical 


nerves. Whole 
of left lateral 
column destroyed 


Degeneration evi- 
dence 


Antero-lateral 
tract divided 
either on one or 
both sides 


The tract is derived from cels of 
Clarke's column. III lumbar so II 
thoracic segments inclusive im the 
dog. 


The dorsal portion of the Grect 
cerebellar tract terminates ir the 
restiform body. He gives ressons 
for connecting its fibres with the 
superior vermis of the cerebellim. 


Traces dorso-lateral cerebellar ract 
up to dorsal portion of superior 
vermis. 


The tract takes origin in the cels of 
Clarke's column. 


The dorsal cerebellar tract connects 
cells of Olarke's column witt the 
dorsal portion of the superior ver- 
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Auihor 


—ellz-zi 





Я. T Patrick 


Тап CehuoAten 


Schäf r 


Warrington 


Zherrugtor. 
Lasi tt 


Eding er 


и 
tJ 
& 


& 





Reference 
. 








Vide reference in 
Table A, 1895 


Journ. of Nerv, 
and Mental Dis., 
xxiii, 1896, p. 85. 


Journ, de Neurol., 
Bruxelles, 1898 


Journ, of Physiol , 
xxiv, March 18, 
1899, p. xxu and 
xxxii 


ош n. of Physiol., 
xxiv, 1899, p. 476 


Још n. of Physiol., 
March, 1908, p. 58 


"Text-book," 
1890, p. 827 


“ Experimentelles 
zur Physiologie 
der Tractus 
spino-cerebel- 
laris," Arch. f. 
Physiol, 1906, 
S. 250 





Nature of Research 











Degeneration evı- 
dence 


Degeneration evı- 
dence 


Chromatolysis evi- 
dence 


Degeneration evi- 
dence 


Chromatolysis evi- 
dence 


Abstract 


Tract radiates towards the superior 
anterior and inferior part of the 
superior vermis of the opposite side 
decussating in the middle line with 
the restaform fibres of the other 
‘side, States that Mott's conclu- 
sins with regard to termination of 
tracts are incorrect. The majority 
of the cerebellar tract fibres take 
origin from the cells of Clarke’s 
column ; where these are not pre- 
sent, fiom groups of cells which 
represent them. 


Confirms Mott. 


Confirms Mott with regard to origin 
of tract from Clarke’s column. 


Confirms Moti. 


States also that cells are distim- 
guished by chromatolysis and early 
atrophy with absence of tendency 
to repair characteristic of other 
cells, 


Method of ‘‘suc-! (1) Confirm Mott and Warrington. 


cessive degenera- 
tion” 


Anatomical inves- 
tigation, &c. 


] 
i 


Physiological and ! 
degeneration evı- i 
dence 


| 
| 


! of special method of control. 


(2) Further state that the tract 1s 
stratified in the following order: 
Outermost—Fibres from segments 
furthest backward in the cord. 
Next — Fibres from the lowest 
thoracic segments. Deep to these 
—Fibres from thoracic segments 
further forwards.  Iunermost — 
Fibres from topmost thoracic and 
lowest cervical segments. (3) De- 
monstrate — That some of the 
fibres of. the tract are long inter- 
nuncial spinal fibres. 


The tract comes from vesicular 
column of Clarke, is a secondary 
continuation of posterior root- 
fibres, constitutes the main part 
of the spinal connection, and curv- 
ing mesially enclosmg the corpus 
dentatum, passes to the cortex of 
the superior vermiform process. 


After section of direct cerebellar 
tract in dogs found that the 
animals stand with abducted legs 
and are atactic. States that lesion 
of cerebellar tracts involves two 
primary considerations : (1) Lesion 
(2) 


Lowering of muscle tonus. 


еж 


- Rothmann 
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Author 





Otto Marburg 


Munzer and 
Wiener 





Reference 








“Die  physiolo- 
gische Function 
der Kleinhirn 
seitenstrang- 
bahn,” Arch. f. 
Anat u. Physiol., 
1904, 8. 457 * 





Nature of Research 





Degeneration evi. 


dence 


Neurol. Centralbi,, | Degeneration evi- 


1907, S. 968 


Arch. f. experi- 
mentelle Pathol., 
1895, Bd. 85, 
S. 118 


dence 


Degeneration evi- 


dence 





Abstract 


i — O i M LÁ —À— 


Shows that tractus spino-cerebe-laris 
dorsalis has the most impo tant 
share i the regulation of the 
‘* principal " movements. 


Nucleus lateralis infefior, th ugh 
receiving fibres from the tractus 
spino-cerebellaris dorsalis, recsives 
none from the tractus spino. sere- 
bellaris ventrelis. 


Table C.—Other Spino-Cerebellar Tracts Described. 


G. B. Pellizzi 


Rothmann  . 





Vide Table'A — ... 


Vide Table A 


Arch f Anat. «.| Degeneration evi- 


Physiol., Physio- 
logische Abthei- 
lung, 1899, S. 120 


dence, 


Neurol. Ceniralbl ,| By embolus of 


Nos. 1 and 2, 
1900, S. 16 


cord with semen 
Lycopodiiex- 
cluded function 
of conus termi- 
nalis and lumbo- 
sacral cord. Thus 
obtained degener- 
ation of tract in 
posterior part of 
the lateral 
column 


The median cerebellar tract. To 
dorsal and ventral cerebellar tects 
a median tract must be arded 
equally constant although sma.ler, 
Ines between dorsal and vertral 
cerebellar tracts in cord, and me- 
dulla, is composed of large fibres. 
At the emergence of N. VII 1ts fibres 
tend dorsally. Then the fibre go 
further dorsally inwards and. he 
along the internal border of the 
ventral extremity of the ascenuing 
root of V. It thus comes nto 
contiguity with the ventral tract, 
but the fibres of the two tracts are 
always distinct from one anotaer. 
The fibres axe abundant in the 
caudal half of the middle peduicle 
and lie in the internal part or its 
radiations. They go towards the 
antero-superior part of the supecior 
vermis. 


A sacro-lambar lateral cerebelar 
tract is present in dogs and lies 





above ventrally to dorsal cerebclio- 
spinal tract, Many of its fi>res 
end in the upper dorsal and cerv-cal 
cord, but others pass into ihe 
medulla as a lateral cerebelar 
tract. Considered (p. 46) a lazger 
part of Gowers’ tract crossed the 
middle line of the cerebellum 
(1 experiment). , 
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From this survey of what has already been accomplished it will 
ре seen that nothmg has been yet done definitely to ascertain the 
telation of the spinal centres subserving the fore-limb and head and neck 
miussulature to the cerebelfar mechanism although the association of 
1леѕз parts is very intimate owing to the requirements of equilibration. 

lt appeared to us desirable to take advantage of the increased know- 
»6dg3 of the cell grouping in the spinal cord*gained by the researches 
of .3ruce, Parhon, and others, knowledge which has been lately 
»ip]lemented by the researches of Harvey Pire, and especially 
of cacobson on the middle cell groups of the spinal cord, particu- 
arly those which occupy (1) a position in the cervical cord homo- 
ogois with the cells of Clark's column, (2) the middle region of 
тле grey cornu. From Jacobson’s work, 16 seemed clear that 
although throughout the cervical spinal cord large and characteristic 
сее are occasionally seen in the situation of Clarke’s column, the 
spino-cerebellar paths in the cervical regions must arise from the 
zad Пе cells of the cornu. 

"he present research was designed and begun before the more 
zeceat normal anatomical work just referred to was published, but we 
-ad decided on grounds of homology to attempt to destroy the middle 
zegion of the cornu and therefore the “middle cells" by means 
cf ғ small longitudinal legion. ' 

-t seemed that the cells and origin of the tractus spmo-cerebellaris 
„еппаһѕ might be regarded as lying approximately in front of a lme 
zassing through the posterior or dorsal himit of the central canal and 
Lob in the posterior cornu. It was therefore necessary to employ some 
тлеаюѕ of causing the destruction of very limited areas within the 
zonadaries of the cornu. | 

At the same time, in order to study separately the distribution 
-£ the cervical (v.e; head and neck and fore-limb) spino-cerebellar 
zbres from those coming from the other regions of the cord and 
.elonging to the trunk and hind-limb, the antero-lateral column 
zad to be carefully preserved from injury. The injection method 
zmployed by Münzer and Wiener and subsequently by Lubouschine 
sauces such widespread damage and is limited with so much diff- 
culty that we did not employ it and resorted to electrolysis. 


Operative Procedure and Material. 


The operative procedures adopted were carried out by one of us 
tV Н) as follows : 


* + 
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The spinal cord was exposed ın the anesthetised animal by re- 
moving the lamine of two to three vertebre; æ minute lesion was 
made in the spinal cord parallel to the central canal by means af a 
short electrolytic needle fitted with a suftable handle and bent at a 
right angle. The anatomical direction given to the needle was pene- 
. tration (verticaly to the cord) of the posterior root zone and then 
headwards paralled to the central canal. The needle was made an 
‘anode, the kathode being placed on the neck muscles exposed in. 
the wound, and electrolysis (anodal) was then performed. This in ihe 
majority of the experiments comprised the passage of a current of 
1 millampere for thirty seconds. For a larger lesion. 2 ma. for one 
minute was employed. 

The animal was kept for three weeks and then killed under 
chloroform after the reflex arcs and the conductivity of the cord has 
been tested by faradic excitation. The resultant degeneration in the 
brain and spinal cord was studied by the Marchi method. Excluding 
the cases in which the expériment failed for different reasons, we 
obtained compleze results from one dog, two cats and eight monkeys 
(six Macacus rhesus, one M. cynomolgus, one M. sinicus). 

In addition we have employed a number of sectional series of 
unpublished ‘exclusion experiments in cats and monkeys made dunng 
the last eight years by one of us (V. HL), including direct and very 
restricted lesions of the ascending spino-cerebellar tracts and at 
various levels in the bulbo-spinal axis. 


RESULTS. 


I.— Course of Spino-cerebellar Fibres in the Various Regions of 
the Spinal Cord. ў 


REGION I. 
I.—Contralateral fbi es. 


Taking the regions of the cord enumerated on p. 238, and begin- 
ning with Region I, we find that the contra-lateral fibres from cells 
in the dorso-medial area (Pirie's para-central and Olarke's column 
areas) of the grey cornu cross in the anterior commissure and 
through the anterior cornu to gain the contra-lateral ground bundle 
in which they ascend lying dorsally to the ventral spmo-cerebellar 
tract formed by the fibres from the rest of the spinal cord. 
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Fic. 3. 


Wransverse section through.the bulb at the centre of the nucleus lateralis from an extensive 
(5 }gments) lesion of the mid-cornual region in the cat, showing fine collateral fibres degenerated 
among the cells of the nucleus lateralis. 


A few are dis ributed to the uppermost folia. of the » lobus pyramidalis 
e., through | the tractus spino- -cerebellari is dorsali | i 


T'he fibres. of this region, i.e., arising from the fifth cervical to the first 
rsal spinal segments, end in the corte: the cerebellum as follows 
the lobus обов, the ventral half of the culmen, and the ventral half of ~ 


of Gowers’ tract ( (purely isolated) are pra 

part of the cerebellar cortex behind the plane ot the шай етее, 

“commissure, except the collaterals which are distributed to the nucleus 

| stigii of the same side. ^ Further that the distribution. to the cortex is 
b: sized ота springing from the main fibres as they cress 


he first ee level ‘and the third Mid mri коя lev al 
un both“ m the arcc fibres. were Ade 
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THE CONDITIONS OF FATIG THE NERVOUS sys 


ary quits of шалп of, or seri injury tor the tissues concerned ` 
through over-action. They show that the organism has need of'some $i 
protection against the possibility of self-injury through excess of activity. 
: And this conclusion may serve to direct our attention to the possi- . 
. bidty of a similar function, being performed by other manifestations ofc 
| fa igue. : 
. In connection with the two other. ды of subjective symptoms— $ 
red nes#and sleepiness—I would draw attention to experiences of a kind - 
that аге familiar to all of us. I sit reading in the evening some difficult. 
‘technical work, until, as midnight approaches, I feel thoroughly tired. 
ard #ееру ту eyes smart and will hardly keep open, my head is dull 
and heavy and aches a little, my whole body and my limbs feel heavy . 
ard incapable of alert movement. I then take up some thrilling story or 
otaer fascinating | piece of literature; whereupon all my ке Sym- 
toms of fatigue, both tiredness and sleepiness, disappear, and I read | 
e2nly for perhaps two hours; when I again begin to feel both tired and - 
Sleepy. Now suppose a continuation of the evening's history which is: 
ess familiar: some exciting event takes place just as І am about to go to 
bed—the house takes fire, or a burglar breaks in, or a friend comes in. 
with important and interesting news that demands immediate action. 
Again all the symptoms of fatigue disappear, and I can perform another . 
spel of work at high pressure, without subjective symptoms, and: with | 
ые, if any, objective trace of fatigue, i.e., without. easily appreciable 
diminution of. efficiency. 

“Facts of this order show clearly, I think, that what we commonly: 
сал fatigue, with all its diverse symptoms, objective and subjective, is no 
enti, that it is not due to any one kind of change in the organism ; 
атай they show. that fatigue is never absolute, but is always relative. 
That is to say, the symptoms of fatigue are always the expression of. 
the relation between : at least two things—between, on the one hand, the. 

ark to be done, and, on the other hand, the amount of energy available 
at the moment for doing the work; or,in more technical language, the. 
symptoms of fatigue are the expression. of a change in the ratio between 
ihe available energy (the energy in an active living state at the moment) - 
arid the resistance which that. -energy has іо overcome. If the task in ^ 
hand is intrinsically- uninteresting, the energies. brought inío. play 
liberated within the organism, or transformed from the potential to the 

sive state, are small in quantity ; therefore a small amount of work, 
produeing a small increase of the resistances to be overcome, suffices to 
rase the ratio of resistances to energies above the’ normal, and, therefore, | 





X the. resistances: or оца | 
т of disposable e nergy. 


'erworn [9], wko 
seems to me 50 





rger naniher of : 

It is very рдо, Aecording to this. 
МЕА cells? are the seats, or at least the 
; and of. both зоо неба, the paparitial 5 








nd. groups of units; eise, 
‘tations, which normally 










g з, gene x 3 
ion; in the way the 






oe ae is one 
ої the ву алай. 






many manifesta ons. ‘of Г fatigue 1 will p mu 














5 system,” " Loire І. 
‚ опе still finds widely | 
-eell-bodies and: nerve- 
ripheral nerves are due 
little is the conception - 
b errington asTeanmg 
rand the cell-body а a 
ldschoider und Sherringzon 
zellkórper, an die * Synapse,” ч) 
lines to the view that the 
ap purly ph iysical one (Op. 
ry readily affected. by. the pres à 
mmiediately and temporarily raising | 
(when | the fatigue effect Las 


a See ора Бизга. t Integrative Ac 
врбе of all that has been written of the. synap 
- accepted the following argument: ‘The nervous в) 
fibres, therefore all those of its properties that are ne 
1-b .. Nerworn himself stili uses, this argu 
























ноопаз По des Nerven in en Gang 
yusdrückt^ (Op. cit., erring & 
3 of the excitation a 1 














he ари. dus paper in. Brain. 
£ the assumption of intercellu ar 
éialized kind. - ; 





ray) porma 
explanation the sivi pon 
(vol xxiv.) I have adduced’ 
: substances the seats of synap 








CONDITIONS IN THE NERVOUS. 


; Наа. seem to point Pe the synapse rat {һап io ‘the. ‘call: bodies as the | 
pracipal seats of the increased resistance. It has long been notorious d 
that nerve-fibres are but little, if at- all, liable to fatigue; and there ig 
2020 reason to believe that the cell-bodies also are fatigued, not easily ог 
ilv, but only under prolonged activity or when deprived of the normal 
means of recuperation—deprived, that is, of the normal blood-supply. 
Yet we have evidence that local fatigue may be rapidly induced, and may 
STE pidly pass away, in the various levels of the nervous system. ; 
‘Sach local fatigue occurs in the ‘reflex: arcs of the spinal cardi if aa 
‘stimalus is continuously applied to the. afferent path [8]. .It occurs in - 
the motor region of the cerebral cortex if one spot be continuously or 
epeatedly stimulated [4]. It occurs: still more readily in the, higher 
lewels of the brain concerned in perception—e.g., in all the cases of. 
n-biguous figures which may be, perceptually interpreted i in two or more. 
ifferent ways, and of which the different modes thrust themselves alter- 
asely upon consciousness. I have studied these alternations and shown | 
exson to suppose. ‘that a rapidly induced local fatigue of the higher. _ 
o-tical paths concerned. is the principal condition of this alternating | 
ccivity [5]. In the same way the extreme liability to fatigue of the © 
achs of the. higher cortical levels. seems to underlie the extreme 
| ista bility of all our thought processes; the fact that our attention ean. 
exer be held fixedly and unchangingly upon any single feature of an 
best, but always, in spite of all voluntary efforts to the contrary, 
asses. on from feature t to feature, or plays to and fro over the object of.. 


In all these савев we seem to be dealing with a rise of the resistance 
of a nervous path rapidly induced by its activity and as rapidly passing 
т; a rise of resistance ‘which serves to divert the excitation-process 
2 the path. ío some other channel, and so to prevent the dnju£ious И 
зсіз оѓ а too-prolonged activity of any one path. | : 
These are manifestations of. local fatigue, of inerease of the ratio of | 
istance 60° energy , induced not by diminution of energy, but al 
ase of ‘strictly local resistance. 
Again, experiments with the ergograph. have been used much in the 
study of fatigue, but one interesting feature of such experiments has been 
v neglected, I think. I draw attention to it in this connection, . 
because it seems to bear out the view I am setting forth. 
"phe subject. of the experiment. has to lift a heavy weight repeatedly at- 
nef intervals, by bending as far as | he can his middle finger. Fatigue very 
soer manifesta itself in n the form of a diminished extent of the bendings 
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à liarities of fatigue to wich. attention was drawn in the 
eaing paragraphs. 
But there were, I said, two complications to be added to the simple 
erworn picture. We have added the resistances varying from local and 
ori general. causes. The second complication concerns the sources of 
he-energies involved i in bodily and mental activity. 
According to the Verworn scheme every cell-body is, I take it, to be 
onseived as capable of generating or transforming or liberating a certain 
jnantity of energy, which, up to a certain upper limit, varies with the 
ntensity of the stimulus applied «to the cell; and this energy is to be 
egarded as finding its field of, operation wholly within the neurone or 
he particular small functional group of neurones within which it is 
iberated ; and all neurones are of appreciably equal value in this respect. 
But there is another conception of the mode of operation of nervous 
nergy which goes. back at least a far as Déscartes ; the conception— 
^ that the. energy liberated by chemical change, by’ katabolic 
гогевз, in one part of the nervous System may be conducted through — 
he- nervous channels and inay operate ‘in other parts of the nervous < 
ysvem. This may be called the 7 thesis of the vicarious usage. of 


бге is something. fo be said for the view that they are the seats of the primary and 
ipal influence of various drugs, possibly of alcohol, chloroform, strychnine, and others, 
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_Ж is for the physiologist to discover, if possible, the neural seats and 
ases of these innate dispositions. Recent work by Pagano seems to 
ie that they may perhaps be found in the basal ganglia of the 
ia Г] p e, M MM 
BE d Д i И : um ae " 5 P 

But however that may be, it seems safe to assume that these 
Vos rful impulses, which we experience in conjunction with our 
mosional excitements, and which enable us to*energise in a way quite 
"m Ме• іп their absence, have nervous correlates, and that the 
hysiolegical correlate of such an impulse is a great liberation of energy, 
some centre or part of the central nervous system, which energy 
iugmenging greatly | the disposable free energy of the brain, can be 
itilised in the performance of any kind of action undertaken for securing 
he satisfaction of the impulse: and it seems that such an accession of 
nergy san overcome the increased resistances obtaining in a state of 
noderase general fatigue, abolishing more or less completely in so doing 
otl the objective and the. subjective symptoms of fatigue; because the 

eni accession of energy lowers the ratio of. resistance to energy. E 
2t is the possibility of these sudden accessions of energy that has 
ncerel wellnigh futile all the many attempts hitherto made to obtain 
енге objective measures of degrees of fatigue of the organism as 
N ole. Rivers [7] has recently shown how great a disturbing factor - 
.ergographie work is “interest,” and the awakening of interest on 
he var of the subject means essentially the bringing into play of one or 
or» of these special sources of energy. | 
„Agan, in such fatigue experiments as those of the Kraepelin school, 
he faigue effects are constantly complicated, obscured, and rendered 
ou эи by variations of. interest or of impulse which show themselves 

n sourts of all sorts? — ^ 6 
_ It is only when we take into account these special sources of energy 
that we can begin to understand the way in which, under circumstances 
hat pcwerfully evoke our native impulses, We can execute without 


ж 


Usine and Henri have shown the inadequacy of the various methods employed previous 
ihe dae of publication of their work—La Fatigue Intellectuelle (1898) ; ала in a recent 
ritical sbady of the principal methods Ellis and Sbipe (American Journ. of. Psychology). have 
rived at the conclusion that none of those investigated by them are reliable. i 
: * The Kraepelin methods, І may'remark in passing, seek to avoid these disturbances 
by keeping interest at a minimum. But the human subject is not easily kept in such a 
state: һе will become interested, if only in the approaching end of his task, and hence great 
irvegalati<des, In view of these difficulties I have suggested a method of. estimating fatigue, — 
Hica fal ows the opposite principle and seeks to keep interest at a maximum throughout, the 
sk хеб Being of the nature of a sprint; and I venture to think that this is the sounder and 
oreshopeful principle to follow : see ** А New Method for the Study of Concurrent Mental 
pers tions and of Mental Fatigue” (British Journal of Psychology, vol. i.). . A 
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d, in addition, ғ a раар са = 

у in 1907 removed a portion of muscle ` 
ога а patien aged з}; and the changes that he found were. com- 
y id Baudouin in TT made, ! a complete ғ and detailed 








difference of Дыр rather than of kind, | we didis ay that the four э о- 
t logical шс! now: on record ar tually confirmatory, with the — 
: | in the thymus by Spiller, 
Lp adit i in the thyroid and ‘hymns by Baudouin, were чишу not pr esent 

















< We йрке, therefore, | з 
otto, and that- such oobis. play no урай їп the 





а (3) regression, and. (3) regeneration i in ae pane o 
the histological. changes. The fact that the investigations have been 
'arried out upon subjects at widely different ages— namely, at. 4 montas, 
4.9 months; З years and 7 years respectively, all these cases ‘being con- 
.. genital and. not differing widely in the. depth of the affection—suggests 

that the. nature of the changes found at the different: ages when the 
DS disease. had ‘Reon eem for increasing periods would Brow: some. i 




















ha four i cases ; while | in. a Spiller 8 о в severe c E 
the changes. were. the к marked; wl the changes in our twos. 
cases, aged 3 years and 7 years sepe Y, were not. more intense 5 













eems in favour obi inereasing regressive han s without any regener an 
tion; he clinical sts a developmental error in that the 
p malady i is ‘almost always present at the t ne of birth, and- it demands 
| а pathology that admits of improvement; for not only i is the history of | 
progressive improvement. common. in the history of the recorded cases, | 
. but also the subsequent history o cases that were pub- 

















lished by one of us (James Collier). Dr. Wilson in Brain, vol. xxxi, 
1908, puts the question of recover beyond doubt. In the first of: 
hese cases, a severe congenital case which had been under.the close 
‘observation of Dr. Whait from the time of birth, slowly progressive : 
improvement oceurred up to the seventh year when the knee-jerks "is 
еге obtained for the ‘first time. After this more “rapid improvement 
ccurred, and the boy can now walk fairly well at the age of 9 years. 
In the second case complete recovery of the upper extremities, which 
were severely affected, has occurred with return of the deep reflexes . 
n the upper. extremities, while the lower extremities have improved 


greatly. At the same time we must point out that two cases which —. 


have come under our notice have shown progressive deterioration, and 
ane of these is the case here reported. Our interpretation of our- 
athological | ‘findings allows of the possibility ‘of improvement, | but 
| argues forcibly for. the occurrence “of progressive deterioration in 
ome of the cases. © 
< The similarity of the morbid anatomy of amyotonia to that of. Ane’? 
1 


w 


linical aspect of this disease 15 ‘so widely different from that of any 
его described | form of myopathy as to warrant, in our opinion, the 


retention of a separate name for this distinct clinical entity. Although 
more than forty cases of amyotonia have been recorded, yet until quite D 
ecently no ease had been brought forward in which there was any 
reditary or familial tendency, or in which a familial association with 
myopathy had occurred. Sylvestri, however, has: recently recorded two ^ 
ases of undoubted amyotonia in which all these associatiors were. 
manifest. These patients : were the first and fifth children of a ¢ coitrous 
nother, the second and third children were healthy, and the food. was 
a eretin. A maternal aunt suffered with the Landouzy-Dejerine form 
of myopathy. The. elder of the two children presented well-marked 
myotonia from the time of birth, and ‘she progressively improved. till 
the age of 16 years. During these years her condition had changed . 
* absolute ше; рер» with paresis of the upper 
о general asthenia." It is some- 
what difficult to follow’ а їп 1 his further description of this case, 
for he says that at the age of 16 years, "so far as could be judged 
y sight, she presented {һе most typical pieture of Erb's disease, com- 
icated with a form of progressive 1 muscular dystrophy (juvenile form . 
Erb)... The. left del old, 'supraspinatus and triceps were hyper- 
ормо, and the. ight brachialis anticus - was psendo- -hypertrephied.” 





opathies i is certain, and does not admit of any discussion ; but the ÁO 


he ai ence f оноо and 
te d ne ps and off association x ) my 


features of 
ádely different. I L 
hese are as follows :— - 


eviously unaffected. 


ww. 





1 ebeuary,. 1907, with ‘inability to walk did clumsiness of the nee limbs 
є Hen were healthy, and "ee was no о of family. disease. ‘There - 


in early Шү of "bloat вота and of whooping- NU зай bs 

y. The other children were healthy. - The mother has . 

good health. during the. pregnancy, and birth was natural and easy : 
saild w breast-fed till 15 months old. Prom the time of. birth. pe 


: er other chi dren, and ‘that his legs were very oak. Be was late in 
ttompting to s and, and never accomplished more than standing up when 
obling on to anything. He eould never walk alone. His ability to stand 
her supported lasted only two. months, when with increasing bodily weight | 


seemed to become weaker and weaker on the legs. On admission he was 


pale. thin, starved- looking child of average height. His intelligence WAS. 
опеѕазЙу good his age. The special senses and cranial nerves were : 
The facial musculature was well developed and symmetrical, ‘and 

sial mov ements were. good... There was по difficulty in s eaking: and 

) Which was „protruded: sipit: owas normal 


the museles of. the pper екы у were below the normal. size, but all 
заму movements could. be performed with fair range ic? power. There $ 


es of the feet, giving rise to a с nsiderable Дешсе of pes cavus. AD : 
tary movements were. possible d were of fairly good rang , except in 2 
as they were hindered by the contractures ; and, the power was fair, but 
he ertensors were relatively weaker than the Nezos. The PER of 





The reaction to абаа 
s no affection of the 
“deep reflexes were 


put hii майа о on: 
auch more. a Шу than those ‹ of her pie "alid, because his jede went in: o 
right. 

the othe dildo. She noticed по ыг peculiarity till ili child : was à yeur 

old, when she tried to stand him up and found that the legs. doubled їр anyhow 

under him. Не я Ww as never able to stand or to Nu, but when 18 months oid 

| ; As he got. 

older and heavier he lost this ecomplishment, “He could sit ay but his back 
bunched up 


| and of оой weight, | 
The E cial senses, w e 


| e Sitting ы 
the shoulders. He 
The diaphragm and © 

this disease. in 


sent їв: iih Arme 
fme. Con- 




































lt the arm was. held at the dior 
d pem the flail- like movements of the hand and fingers were striking. 
power in the upper extremities was very poor, ahd he could make few s 
useful movements with the hands. «In the lower extremities the muscles*were - 
vere smaller and ‘softer than in the upper extremities, but. there was no local 
resting. There was apparently no volitiónal movement. either at the hip or 
at the knee, but slight movements at these joints'could be obtained reflexiy by > 
ticxEng the soles of the feet. All movements of the ankles and of the toes. 

oald be performed, but: with very little power. The hypotonicity of the 

anzseles of the thighs and of the calves was very pronounced, and the feet. 
could easily be touched together behind the head. There was a little con- 

treerure of the са muscles and of the hamstrings. The hyper-extensibility of 

the ankle (so. th the dorsum .of the..foot is in contact with the front 
" tibia in the position of rest) that has been a feature of so many cf the 

re: zorded cases” was not present. і in this case, neither were the feet conspictiiusly ; 
loug and padlike. | | i 
The sphineters were not affected. The deep reflexes were péisiédently 

Esent. The superficial reflexes were of normal type. Sensibility” was un-. 
ed. There was no lowering of sensibility to the faradic eurrent, a& has 
Без observed in many of the cases. The child objected so strongly to the 
cation of the faradie .current that no satisfactory examination of the 
electrical excitability of the muscles was made, but it was obvious thet the. 
агайне excitability was much lowered in the affected muscles. The child 
enained i in hospital for many months, and he was treated with careful feeding, 
massage and passive movenients, in spite of which he w аз. obviously weaker. 
ine tae-affectec regions at the time of his discharge than he was when admitted. 

Qa ‘he other hand, there was no extension of the muscular weakness to: regions 
previously unaffected. With the consent of the parents a portion of the ham- 
stieg muscles was removed from the right thigh under general anesthesia, 
‘and an account. of the changes that were found in these muscles, follows in 
tke pathological description. It must be here pointed out that no abnor- 
malty of the. thyroid gland or of the thymus was clinically detectable, and. 
that there was. no cedema present at any time. 

















































Remarks.—This was a ty pical case of amyotonia congenita of some- $i : 
"severe degree. The distributio on of the affection followed that. of 
the classical cases. The degree of affection of the thigh muscles, in which 
poralysis was practically complete for volitional movements, was extreme 
aad unusual, and such severity of museular affection has not been pre- 
wasiy recorded. The pathological examination of the muscles was 
ade when the disease had existed for rather more than three CALS, » 

‚ compared with seven years in Case l. This is one of the only two 
ses &ihat have come under опг observation i mw hich зын essive deterior: = 
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ph of & transverse section ot As musei | ) irregular small 
4 (2) enlarged. or hypertrophied fibres which re generally ronlar in outline: 
3) dense strands of connective tissue that run. hroügl 
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4 а single fibre approaching the normal in size could be seen ; indeed, their 
average diameter was from 6 to 12 и, though a few of the small fibres 
- exceeded this considerably. The contour of these small fibres in cross- 
section was irregular and, "s а rule, oval or round; even where 
." hey were densely packed together they never presented the polygonal 
er facetted appearance which characterizes the normal skeletal muscle 
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* и ° 
A drawing of a transverse section of the muscle: it shows the irregular size and shape 
_ of the smaller fibres, and that in many of them the sarcolemmal nuclei are proliferated. 
A, three hypertrophied fibres that are apparently normal in structure and contain only 
4% oot pi nuclei. B, an enlarged fibre, containing central nuclei, which is beginning to 
. divide. C, an enlarged fibre that is already partly broken up. 


fibre when seen in cross-section. In,specimens in which these small 
fibres were cut longitudinally they were seen to be fairly uniform in 
calibre and their cross-striation was well preserved. In many of the 

_ small fibres there were scarcely more nuclei than may be found in 

. . mormal' adult fibres, but in some there was а marked proliferation of 
u^ "Ep PA de op 
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the ird nuclei, and in places this was 50 great as to conceal 
the substance of the fibre. No degenerative or* regressive, changes 
could be made out in these small or atrophic fibres. 

A still more striking feature of the appearance of cross-sections of 
the muscle was the presence of numerous relatively enormous fibres 
which were generally of circular outline in cross-section, and which 
measured from 100 to 150 ш in diameter. These greatly enlarged fibres 
generally lay isolated in or among the bundles of small fibs; they 
were only rarely found forming bundles of themselves. Apart from 
their size and their unnaturally cylindrical shape, the greater number 
cf these giant fibres appeared to have a normal structure and contained 





Fic. 2. 


Photograph of a longitudinal section containing three hypertrophied fibres, separated by 
small or atrophied fibres in which there is a considerable increase of nuclei. — 


ruclei only immediately under the sarcolemimal sheath. Their cross- 
striation was distinct, but in many of them the longitudinal striation 
was unduly prominent. In a certain proportion, however, of these giant 
fbres unmistakable regressive changes were present; some of them 
contained central nuclei either embedded in normal myoplasm or 
surrounded by a. zone of undifferentiated sarcoplasm. Occasionally 
the muscle tissue immediately surrounding the central nuclei had a 
remarkable tendency to take a deep but diffuse stain with hematoxylin. 
In other fibres the regressive process had gone still farther and lead 
to central vacuolation and splitting up of the fibre, while in some 
the myoplasm was more or less disintegrated and invaded by the 
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sarcoplasm and sarcoplastic nuclei. In longitudinal sections portions " 


of these fibres coifld be seen transformed into protoplasmic masses 
pervaded by nuclei, the sarcolemmal sheath generally remaining intact. 
"The central vacuolization resulted, in many fibres at least, fromethe 
fusion of a series of small discrete vacuoles in the walls of which 
nuclei were frequently present. In longitudinal sections it could be 
seen that a few of the enlarged fibres were Splitting up longitudinally 
into apparently well-formed fibres of small calibre, provided with 
а normal sarcolemmal sheath and nuclei (fig. 5). 
The muscle was also characterized by the great increase of con- 4 

nective tissue which was arranged both in massive bundles running 





Fie. 5. ; 
Drawing of a longitudinal section. A and В, hypertrophied fibres which are normal in 


structure; D, one that contains central nuclei and is breaking up by longitudinal fission. 
C, slender atrophied fibres. E, an hypertrophied fibre that is splitting longitudinally. 


between and surrounding the muscle bundles, and in very delicate 
strands of connective tissue which in places even penetrated between the 
individual muscle fibres. There was also a notable determination ‘of 
loose fatty tissue between the muscle bundles, and to this the remark- 
ably pale naked-eye appearance of the affected muscle was due. The 
musele spindles were on the whole normal, but in places their sheaths 

- appeared slightly thickened. 
Considerable thickening of the walls of many of the blood-vessels was 
- s noticeable feature of many of the sections. This was the result chiefly 
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of a periarteritis, but there was also some proliferation of the intinal 
cells. A few foci of small round-celled infiltration were found, which 
generally lay in immediate relation to a vessel, but these were only rarcly 
metewith in a large number of sections examined. 

In the sections of muscle stained by Weigert's method there seemed 
to be remarkably few myelinated nerves, and the myelin sheaths of those 
that were present seemed ‘poorly developed. 

In Case 1 death occurred from pneumonia, and a *complete 
autopsy was made. There was no abnormality of the thyroid, thymes, 





Во. 3. 


Photograph under a low magnification to show the excess of fat and connective tissue the 
muscle contains, as well as the small size of its fibres; one hypertrophied cylindrical fibre 
lies in the centre of the figure. 


or spleen found, and, with the exception of the lungs, the internal organs 
appeared natural; the muscles of the affected regions were small and 
very pale, and contrasted very sharply with the muscle of the diaphragm, 
which was not affected. The muscles were fixed in Zenker's. fluid, the 
peripheral nerves in Müller's fluid, and the central nervous organs as 
well as the other organs were placed in a 10 per cent. solution «f 
fcrmalin in normal saline solution. 

Muscle Changes.—The changes in the muscles were very similar to 
those found in the preceding case. The most striking difference was 


* 
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a greater proliferation of the sarcolemma nuclei in the small fibres, 
many of which were almost concealed by continuous columns of ntclei 
ananged along them. Further, in many places sarcoplastic nuclei 
could be seen lying apparen&y free in the tonnective tissue. The large 
hypertrophied fibres so conspicuous m the other case were much less 
nu-nerous and less prominent in this case. There was also a greater 
amount of connective tissue in the more severely affected portions of 
the muscles, and 16 was more densely sclerosed. In places, too, there 
wa. а remarkable deposition of fat, so that portions of the muscle 
see-med to be completely replaced by fatty tissue. 

The pathological changes, however, varied considerably from muscle 
to muscle, and even in different portions of the same muscle: the 
dia3hragm, for instance, was unaffected, and the biceps brachials was 
much less severely affected than were the pectoralis major and the semi- 
temdinosus. This indicates a definite parallel between the degree of the 
clirical symptoms and that of the pathological changes in the muscles. 

Peripheral Nerves.—The external popliteal and the median nerves 
were preserved for microscopical examination. In sections stained by 
Wegert’s method the nerve fibres in cross-section seemed rather far 
apart, and the myelin sheaths of a small proportion of the fibres were 
poatly developed. On macroscopical examination it was obvious that 
the ventral spinal roots throughout, but more especially those of the 
lun_bo-sacral region, were remarkably slender in relation to the size of 
the dorsal roots, and this appearance was confirmed by their examination 
m Weigert preparations; for under the microscope their fibres appeared 
not only much reduced in number, but individually slender and poorly 
myslinated. 

Spinal Cord—Thbe white matter of the spinal cord showed no 
abrormalities and the fibres were well myelinated. On the other hand, 
Nisl preparations revealed unnustakáble pathological changes in the 
vertral horns at all levels of the spinal cord. The large cells of the 
mo or type were much reduced im number, in places there appeared to be 
sca ‘cely one-third of the normal number of these cells present, and those 
thas were present were individually smaller and more angular and 
irregular in shape than are normal cells. These changes were found 
in cll regions of the spinal cord, but they were most conspicuous in the 
lun bar and sacral segments and in the lower segments of the cervical 
enlurgement. In the cervical enlargement it was the lateral and the 
pos ero-lateral groups of cells that were the most severely affected. The 
cells of the dorsal horns and those of Clarke’s column were normal. 
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. It is now necessary to compare these pathological changes with those 
that have been already discovered in similar cases, But till now only 
Bing, Spiller, and Baudouin have had the opportunity of recording such 
cbservations. These have béen already abstracted and analysed by one 
cf us with Dr. S. A. К. Wilson [4]. 

Bing's [3] examination is the least important, as he had bis а very 
small piece of muscle removed during life, and in its fibres he found only 
an increase of nuclei. 

Spiller [6], who made a post-mortem examination on a case that 
died at the age of 22 months, found the muscles pale and infiltrated by 
fat, the muscle fibres small, and a considerable increase of the nuclei of 
the connective tissue. The peripheral nerves, the dorsal and ventral 
spinal roots, and the central nervous system were normal. The report, 
especially of the muscle changes, is not as complete as could be wished. 

Baudouin’s, report [2] is much fuller. In a child that died at Ње 
age of 4 months the muscle was largely replaced by fat and contained 
& considerable excess of connective tissue; the majority of the fibres 
were atrophied and contained a large number of nuclei, but others were 
enormously hypertrophied, measuring up to 100 и in diameter, and were 
often penetrated by sarcoplastic nuclei. Some of these hypertrophied 
fibres were found splitting longitudinally. There was also a considerable 
diminution in the size, and perhaps in the number too, of the ventzal 
horn cells, and the ventral roots of the spinal cord were less than half 
the normal size and were poorly myelinated. 

From these short abstracts 16 is evident that the pathological changes 
in the muscles in Baudouin’s case were ‘practically identical with those 
present in the two cases we have been able to examine, and there was 
an equally striking similarity between the alterations in the peripheral 
nerves and the ventral horns of Baudouin’s case and in our case that 
came to post-mortem examination. The changes Spiller found in the 
muscles do not differ essentially from those we found, though he does 
not refer to the presence. of hypertrophied fibres. In the nervous 
system, on the other hand, he found no pathological changes. These 
discrepancies may be perhaps explained by a difference in the intensity 
or the stage of the disease. І 

There 15 not much difficulty in interpretating these muscle changes. 
The most common, constant, and characteristic change was the smallness 
of the majority of the muscle fibres. This smallness may be, on the спе 
nand, attributed to a non-development of these fibres, or on the other 
so regressive or atrophic processes affecting them. The latter seems the 
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more likely explanation, ав the extraordinary irregularity in the size and 
shape of the fibres qould be hardly expected if the smallness was merely 
due to an arrest of development; and the considerable increase in their 
nuclei and the presence of apparently ffee nuclei in the connective 
tissue are much more in favour of the view that they arise by the regres- 
sion of normal fibres. Further, it must be remembered that in places 
we found small fibres arising by the longitudinal fission of large fibres. 
Finally, the appearance is not that of undeveloped fibres; it is only 
towards the end of the sixth month of intra-uterine life that the central 
portions of the skeletal muscle fibres become differentiated and that the: 
nuclei move to the periphery of the fibre, ànd they receive their sarco- 
lemmal sheaths only at the time of, or shortly before, birth. But in all 
the muscles we have examined the central portions of all the small fibres 
were fully differentiated, and they possessed well-developed sarcolemmal 
sheaths. 

The significance of the large hypertrophied fibres is more , difficult of 
interpretation ; it has been much discussed in relation to the  myopathies, 
in which there are found similar large fibres certainly identical with 
those we describe here. Erb regarded the increase in size as а true 
hyperplasia preceding atrophy, while Dejerine has attributed it to a 
vicarious functional hypertrophy. "Whatever may be their nature, the 
active regressive changes we have already described in them musi be 
regarded as unequivocal evidence of a progressive pathological process. 

The clinical features of the disease are easily correlated with the 
pathological changes we have found. The great atrophy and the 
decrease in number of the muscle fibres sufficiently explain the palsy, 
while the infiltration of the muscles by fat and the increase of connec- 
tive tissues in them concealed in part the general atrophy. The atony 
may be attributed to the same cause, while the contractures that occa- 
sionally develop are evidently due to sclerosis of the fibrous tissue that 
is laid down in the muscles. 

The fact that some cases improve has been regarded as one of the . 
features of the disease. From the pathological point of view, however, 
improvement appears unlikely ; we detected no evidence of regenerative 
or reparatory changes in the muscles, but the possibility that the 
atrophic fibres may regain their normal size and function must be 
admitted. But for the muscle to regain its proper function it appears 
necessary that the excess of fat and the fibrous tissue that is found, both 
in thick bundles and in fine strands, between the affected fibres should 
be absorbed or removed. This certainly does not appear likely. 
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In this connection we must again refer to the active regressive 


changes that were present in a considerable proporijon of the. enlarged 


fibres. 
Finally, there remains t6 be considered the relation of the nowi 
anatomy of these cases to thàt of the myopathies. On comparing the 


-muscle changes found in these two conditions, we must admit that there 


is no essential difference, shough in our younger case there was, perhaps, 
not so great an increase of nuclei in the atrophied fibres as is generaly 
present in the myopathies. Myopathic muscles are characterized by 
the presence of atrophied and hypertrophied fibres, with a prolifera- 
tion of their sarcoplastic nuclei and various regressive changes in them, 
an increase of connective tissue and a deposition of fat; and it is exactly 
the same changes we record above. Further, we observed a thickening 
of the vessel walls which 1s almost constant in myopathic muscles, and 


. the collections of small round cells which have been referred to are 


similar to those that may be seen іп myopathie muscles. 

Baudouin came to the same conclusion, for he wrote of the muscular 
alterations in his case as “ les lésions de 18 regression musculaire telles 
qu'on peut les voir dans les myopathies.”’ 

It must be pointed out that the spinal changes observed by Baudoum 
and in one of our cases do not constitute an essential difference from the 
pathology of the primary myopathies, for one of us [5] has recorded a 
case of the juvenile form of muscular dystrophy in which practical-y 
identical spinal changes were present, and in that,paper there are 
collected together a considerable number of similar cases that had been 
previously reported. Ballet and Laignel- -Lavastine [1] have moze 
recently published a similar observation. 
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AN EPIDEMIC OF ACUTE POLIOMYELITIS 


е 
BY W. W. TREVES, В.А., B.C.CAMB. 
From the Out-patwnt Department of the London Hospital. 


Errpemics of acute poliomyelitis have seldom been recorded in 
Ensiand; in fact, of thirty-two epidemics described in medical literature, 
twe only occurred in this country. The records of Swedish epidemics 
show that poliomyelitis must be far commoner in some other countries 
than it is in England. But, apart from a greater frequency of the 
discase, the segregation of the population of this country in large towns 
mais 16 more difficult to define the epidemic nature of the disease. 
Thus, although a few years ago it was well recognized that a large 
epidemic was occurring in London, the great difficulty in collecting the 
different cases rendered abortive all attempts to trace the epidemic. 
Although it would be impossible to add to the wonderfully painstaking 
deseriptions of the Swedish scientists, yet we believe that an account of 
even a small epidemic in England is worthy of notice, in that ıt brings 
the disease in England into line with the disease as it occurs in other 
couatries, and affords the opportunity of comparing its similarities and 
differences. 

Thirty-two epidemics of poliomyelitis have been recorded, the first 
(an epidemic of eighteen cases) by Bergenholf, in November, 1881 [11]. 
The first large epidemic was reported by Caverly in 1894 [4]. It 
consisted of 186 cases, and occurred in an area of 15 miles in Rutland. 
It «ecurred during a very hot summer and was associated with cases 
of paralysis among cattle and fowls. Eighteen patients died, and im 
six cases there were constitutional symptoms without any paralysis. 
Uniortunately no autopsies were performed, and 16 was considered by 
some authorities to be epidemic cerebrospinal fever. There was, how- 
ever, no purpuric eruption, and ıt seems (judging by later epidemics) to 
have been undoubtedly acute poliomyelitis. 


1 My best thanks are due to Dr Dunlop, of Upminster, under whose care were most of 
thes: patients, for the kind way in which he aided me in tracing this epidemuc. 
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Of the two eridemies recorded in England, one, recorded by Buzzard 
[3], consists of four cases. Two sisters living in the same house were 
attacked within six days of one another, and also two other children 
(who were not examined) living in the samt street. 

The other epidemic was recorded by Pasteur [12], and is of the 
greatest interest. In July, 1896, the whole of a family of seven children 
were attacked with fever*within ten days; in three cases the fever was 
followed by paralysis, and by other nervous symptoms in the other four 
cases. The eldest child, Herbert George, aged 11, five days after the onset 
of the fever was paralysed in the left arm, and had a transient paralysis 
. of ‘the right side of his face and palate. The second child, Samnel 
James, aged 9, after seven days of fever was found to be suffering from 
rigid hemiplegia on the right side. The two next children, George, aged 8, 
and Edith, aged 6, had fever resembling that of the others, but did not 
develop апу nervous symptoms.  Alice,aged 5, after five days of fever 
was paralysed in the left leg, which was at first rigid below the knee. 
Philip, aged 4, and Eva Mary, aged 18 months, after a few days of fever 
were seized with tremors which lasted some days; the youngest child 
also had strabismus of short duration. The illness with which' they 
were all affected was characterized by pyrexia and headache;' there was 
no rash, nor any sensory changes. There were no epidemics in the 
village at that time. | 

Of other epidemics, those recorded from Norway and Sweden are of 
the greatest importance owing to the pains taken by Wickman and his 
colleagues to investigate the disease thoroughly from all aspects. In 
those countries thirteen epidemics in all have been reported, but by far 
the largest are those investigated by Wickman [15]. He had carefully 
worked out the cetails of four epidemics, one of them consisting of over 
1,000 cases. i 

. The first ocenrred in the summer of 1899, and consisted of fifty-four 
cases; the second of twenty cases in 1908 ; the third in 1905, numbered 
1,081 cases; and in 1906 there was an epidemic of fifty cases. These 
epidemics all occurred ın hot, dry summers, and the number of affected 
persons reached its maximum in August. The patients were mostly 
children, but the maximum age-incidence was not so low as in 'some of 
the other epidemics; the greatest number were between 8 and 5 years 
of age, but the disease attacked large numbers of children up to the age 
of 8. Many adults were, however, attacked, the oldest patient beng 
aged 65, and the mortahty was far higher among the elder children ала 
adults than among the younger children. In the large epidemic of 1,031 
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cases there were 135 deaths, the average mortality of children under 
10 years being about 11 per cent., and of the older patients about 26 per 
cert. Many patients exhibited symptoms of acute polio-encephalitis, 
either apart from or in assotiation with the ordinary spinal symptoms, 
anc many patients had the constitutional symptoms without subsequent 
paralysis. To see what light is thrown upon the subject by Wickman’s 
investigations it will be best to consider thein under three headings— 
pathologieal, etiological, and clinical. 

Autopsies were made imperative upon all patients dying during the 
epidemics, and in this way much valuable material was obtained. All 
the fatal cases were carefully examined by Harbitz and Scheel [8]. 
Thay found that there was a patchy lepto-meningitis more evident on the 
anterior aspect of the cord, and most severe near areas where the deeper 
nerve-structures were involved, and that there was great engorgement 
of the pia in affected areas. The changes in the anterior cornua of 
affected areas were found to be the same as described by other writers. 
Ha-bitz and Scheel, however, regard the lepto-meningitis as the 
primary lesion, and believe that the inflammatory condition passes in 
along the vessels, affecting the interstitial tissue and then the large 
ganglion-cells which derive their nutriment from these vessels. The 
fac that the mflammation 1s hemorrhagic is probably due to the soft- 
ness of the cord rather than to the severity of the inflammation, as 
inflammatory changes in any soft organ—as, for instance, the pancreas— 
tend to be accompanied by hemorrhage. 

As regards the etiology, Wickman ‘proved арны. that 16 must 
be bacterial. Не traced several cases where a healthy individual, after 
visbing an affected centre, returned home, and, having developed the 
disease himself, infected other people in the previously immune locality. 
Cases like the above, and also the fact that during the epidemics many 
patents were affected with paralysis without any febrile symptoms, 
leave no doubt that acute polomyelitis (whether developing with febrile 

msst or coming on without any warning) as a clinical entity is due 
to some bacterial action. Many different micro-organisms have been 
separated at different times. Geirswold [5], who investigated the epi- 
demics from the bacteriological point of view, found a poorly staining 
dipiococcus. He could not prove this organism to be the specific 
organism of the disease, as it was never found alive but undergoing 
bacteriolysis, and he thought that though a similar organism has not 
been discovered in any other disease, yet 16 might be-only a comcidence 
and not the specific organism. 
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To the clinical knowledge of the disease epidemiology has added 
much. The first fact of interest 15, of course, that ıt does occur in 
epidemics, and that these epidemics always occur during the hot summer 
mosths. Secondly, that the disease 1s spfead by human beings. The 
time of year at which all the epidemics have occurred would suggest un 
analogy with epidemic summer diarrhoea and vomiting, but the way in 
which Wickman was able to trace the spread from village to village shows 
that the infection must be born by human beings and is not due to 
bacterial infection of food 

A third point emphasized in the epidemics was the almost universal 
febrile constitutional symptoms. In many cases paralysis did occur 
without any constitutional symptoms, but so well recognized were the 
premonitory symptoms that doctors were able to predict the likelihood 
of paralysis ın a child who only showed symptoms of general malaise. 

But perhaps clinically the most interesting feature was the occur- 
rence of many cases which, though not typical poliomyelitis, were 
obviously other manifestations of the disease which usually attacked the 
anterior cornua. 

Wickman div ded the cases into the following clinical types :— 

... Q) Spinal polmyelitis.—Oases resembling the acute anterior polio- 
myehtis of text-books. This class was far the largest. 

(2) Ascending myelitis—The inflammation rapidly ascending until 
it affected the basal nuclei; these cases clinically resembled Landry’s 
paralysis. 

(8) Bulbar ar pontine cases, involving the basal nuclei were 
generally soon fatal. 

(4) Encephal.tis—The cerebral cortex was attacked; these cases 
were identical with superior polio-encephalitis. 

(b) Atamia.—A few cases with ataxia resembling Friedreich’s 
ataxia. 

(6) Polyneurctis. — Many cases, as observed by Gowers [7] and many 
others, of acute poliomyelitis have symptoms of polyneuntis. This 
peripheral neuriis causes great local tenderness and appears to be 
severest in the middle of the course of the nerve. 

(7) Meningitis.—Many cases of acute poliomyelitis exhibit symptoms 
of meningeal infiammation. They develop'usually before the paralysis 
and pass off fairly soon. In some cases, however, the syinptoms of 
meningeal irritation were the only symptoms pointing to any spinal 
lesion. 

(8) The abortive T m, where no paralysis developed, although cn- 
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stitatiocal symptoms were present exactly resembling those of other 
patents who were subsequently paralysed. Wickman divides these into 
three types. (1) General malaise; (2) meningeal irritation; (3) resembling 
the gas to-intestinal type of fnfiuenza. ў А 

The occurrence of so many different forms show that though the 
bae erium or its toxin has a predilection for the anterior cornua, yet it 
зап atteck the central and peripheral nervous system at almost any point. 

Thee. have been three other large epidemics of late years: one in 
Queens and in 1903 [10], one in New York 1р 1907, and one in Melbourne 
in I90& В 

The epidemic in New York [1] [6] [14] was probably the largest 
tha. hes ever occurred. It was estimated to number several thousands, 
but unfortunately no careful records were kept. It occurred at the end 
of 1 hot, dry summer, and seems in the main to have shown the 
chazactaristics of the other large epidemics. 

The epidemic m Melbourne was carefully investigated by Douglas 
Stephens [18]. There were 137 cases and 6 deaths. The summer had 
beea hci and dry, and the largest number of cases occurred towards the 
end of august. Stephens carried out his investigations as far as he could 
on he .ame lines as Wickman. | 

He considered the disease to be mildly contagious, and suggested 
tha. th: prominence of gastric or respiratory symptoms might point to 
diffarenc sites of infection. Не was, however, unable to prove that point. 

In the Melbourne epidemic the cases seem to have assumed the same 
clirical forms as those described by Wickman. Оп bacteriological 
examinition a poorly staining diplococcus resembling that described by 
Geizsweld was found. In addition, an organism was isolated resembling 
the Staohylococcus pyogenes aureus ; 16 was not pyogenic, and produced 
no .ymotoms on inoculation into the spinal cord of a guinea-pig. 

Moxe recently experunents have been carried out by Landsteiner 
anc Pcpper [9] with material from a case in Vienna. A boy, aged 6, 
dieu of acute poliomyelitis within twenty-four hours of its onset. His 
corl skowed the typical histological changes (described by Harbitz 
anc Sckeel), but, on staming, no micro-organisms were seen. Cultures 
iaksn эп agar, serum-agar, and blood-agar were negative. The sub- 
stance of the cord was inoculated into two rabbits, two guinea-pigs, 
{ус mce, and two apes. With the exception of the apes. none 
dexslopsd any symptoms or showed any post-mortem lesions. Опе ape 
developed typical paralysis after seventeen days and died two days 
later With the cord of this anımal two other apes were inoculated, 
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but without any result. The other monkey was taken very ill sx 
days after inoculation, and died two days later; but, although the cord 
was much inflamed, there was no typical paralysis. 

From these experiments they suggest -tRat the organism is probably 
too small to be seen. 





An epidemic of acute anterior poliomyelitis occurred in the villaze 
of Upminster in the summer of 1908. It consisted of eight cases, 
end lasted from July to September. 

Upmunster is a small, straggling village in Essex on a clay soil, with 
& population of 1.477. It ıs an agncultural district, and is in no way 
brought into contact with any country, such as Norway or Sweden, 
from which infection might have been conveyed. There has never been 
eny similar epidemic in the village, and no case of infantile paralysis 
has occurred there for several years. The locality has always been 
considered healthy, and there was no epidemic of any other disease 
during the year 1908. The months during which the outbreak occured 
were hot and dry. but the heat was not excessive. 

The first child to be attacked was Gertrude H. (Case І), aged 8i 
She was taken ill on July 27; she was sick, had pains all over her 
body and а bad headache, and a temperature of 101° F. [88°5° С]. On 
August 3 she was found to be paralysed. When examined in February, 
1909, she had an almost complete flaccid paralysis of both lower limbs, 
and was quite unable to stand. 

On August 24 three more children were affected: two sisters, 
Zimd (Case ПІ.) and Maud H.' (Case IV.)—who, although they bear the 
same surname as the first patient, Gertrude H , are 1n no way related to 
her, and a boy, John C. (Case II). 

John C. (Case IL), aged 13, was taken ill on August 24. He 
_was feverish, his eyes were "glazed," he vomited, and had pain т 
his lumbar regicn when moved. Не stayed in bed three days, and 
on August 27, when he got up, fell owmg to the weakness of his right 
leg. The muscles rapidly wasted, and ın February, 1909, there was 
а flaccid paralysis of most muscles of the night thigh and leg. 

Enid H. (Case IIL), aged 11, and Maud H. (Case IV.), aged 12, 
had returned to Upminster from Westgate on August 18. On 
the afternoon tf August 24 both sisters were feverish and had 
pains in the head and stomach. They did not go to bed. The next 
day they were seen by Dr: Dunlop, and had sore throats and a 
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temperature of 107° F.[38:5? C.]. They were sent to bed. Майа got quize 
well in three days and never developed any paralysis. Enid, betwecn 
August 28 and 20, had three attacks like severe cramp in the left 
leg, and on August 30, wh&n she tried te get up, fell, as both" legs 
were weak. When seen in February, 1909, the right leg appearcd 
normal, but the left leg was much wasted and many of the muscles 
were stil! paralysed. . 

The next children to be attacked were three of the M. family. 
The whole family had been away to Gatestown and returned to 
Upminster on September 3. The three affected were the midde 
members of the family, the eldest and youngest remaining well. 

The first to fail ill was Stanley (Case V.), aged 8. On September 9 
he had a cough, bad headache, was fevensh, and had staring eyes. On 
September 11 it was noticed that he was completely paralysed in hus 
left arm. He rapidly made a partial recovery, but in February, 1909, 
there was still a flaccid paralysis of many muscles of the left arm. Hs 
sister, Eva Rose M. (Case УІ), aged 10, was taken 11 September 1., 
the day after her brother, with similar symptoms. On September 13 
she had lost all pcwer in her neck. Within three weeks she had almost 
entirely recovered, and in February, 1909, no paralysis was detected. 

On September 12 Gladys M. (Case VII.) had a bad headache, 
vomiting, feverishness, and general malaise. On September 14 she had 
completely lost the use of both lower extremities. She partially recovered 
the use of her left leg, and in February, 1909, 1+ appeared quite normal, 
bat there was a flaccid paralysis of most muscles of the right thigh. 

The last case was а boy, Basil J., aged 13 (Case ҮПІ). On 
September 16 he suddenly became paralysed in his right leg. There 
was а history of a knock several days| 'eviously, but he had been quite 
well since and the blow was not a sey re one, and it seemed justifiable 
ta disregard it. The paralysis came on without any constitutions] 
symptoms. In eight days the leg was quite recovered, and in February, 
1909, there was no sign of any paralysis. 

Fortunately, though only a small epidemic, it includes all the three 
clinical types of the large epidemics. Six of the children had consti- 
tutional symptoms and then a few days afterwards became paralyzed ; 
one child (Maud Н.) had the fever, but developed no paralysis; while 
Basil J. was paralysed without any constitutional disturbance. 

The distribution of the paralysis agrees with the general description:, 
tke legs being mcst commonly affected. In some of the children th: 
eres seem to have attracted the parents’ attention by their peculiar 
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‘ook. but in no case was any definite evidence of polio-encephalitis 
obteined. . 

The age of the patients is of interest. All were over 6 years of age, 
except Gertrude IL, who Was 33 years, dld. About 60 per cent, of 
all cases of acute anterior poliomyelitis occur in the first three years of 
Ше, and, with the exception of Gertrude H., in each family there were 
zourger children who escaped the disease. * 

As regards the incubation of the disease, the periods of which any 
infomation could be gained agree with the figures of Wickman. The 
chil. m whom the disease first started had not been out of Upm:nster, 
and so the disease must have originated in that village. Ета and 
Маса H. returned on August 18 and were attacked on August 24; 
she M. family returned on September 3, and the first was taken ill 
on eptember 9: so that in these cases the incubation could not have 
exceeded six days. 

-n other epidemics it has not been common for more than one 
zuember of a family to be affected, but ın this case there were three in 
one family and two in another. All attempts to trace the means by 
~vhi: h the disease spread failed. ‘ 


Case I—Aged 32. Taken al with pams in the head and vomiting on 
July 27,1908. Рат alysis discovered on August 3. Examined February, 1909: 
then hud flaccid paralysis of both lower extiematies and lower part of spine. 


Gertrude J. H. on July 27 fell asleep while out of doors in the evening. 
She vas brought home at 7 o'clock and vomited when she woke up. She was 
put to bed, but got up next morning. She had severe pains in the head and 
-ad зс be earried downstairs. On that day she vomited again. The following 
Зат, July 29, Dr. Dunlop was called to see her. She had pains in her head and 
uam: all over when she moved At that time there was no paralysis On 
Augts” 816 was discovered that she was paralysed in both her lower extremities. 
Zhe ogralysis had never been more extensive than 16 was when she was examined 
n February, 1909. & 

Sha is the youngest of a ‘family of six auido. The other children were 
zll as home at the time of her illness, and she was nursed by her two eldest 
siste-s. None of them had any illness at that time. She had not been away 
“rom Upminster at any time shortly before her illness. 

Condition n February, 1909.—She was a largely-built child, looking 
zhow her age. She had always been healthy, and there were no abnormal 
signe in the heart, lungs, or abdomen. There was obvious wasting of 
oth lower extremities. There was a definite curve in the lumbo-sacral 
regicn and wasting of the lower part of the erector spinw. There were no 
cutaneous nor vasomotor changes. She could sit up by herself, but was 
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unable to stand. She could extend and flex the toes of her left foot, and 
could adduct but not abduct. the left foot. With the exception of these 
movements there was complete flaccid paralysis of both lower limbs. The 
tibialis antieus, the peroneus lengus, and the peroneus brevis of the left foot 
appBared to be unaffected. The extensors and flexors of the toes and foot on 
that side were working, but appeared to be weak. With ће exception of these 
muscles there were great wasting and loss of tone of all the muscles of both 
lower extremities. The glufei on both sides were affected, and also the lower 
part of the erector sping. As the child was frightened the electrical reactions 
could not be tested. She was having electrical treatment, however, and the 
operator stated that the muscles did not react to faradism, but gave a slow 
contraction when stimulated by the galvanic current. The knee-jerks on both 
sides were absent. The plantar reflex on the left side was flexor; on the right 
side 1 was absent. Sensation appeared to be unaffected. The sphincters were 
unaffected. 


Case II —Aged 18. Taken ill August 24, 1908, wath headache and vomiting. 
Stayed an bed for three days. August 27, when he got up, his right leg was 
weak Examined February, 1909: flaccid paralysis of right leg and thigh. 

John C. was taken ill on August 24, 1908. His head ached and he had 
pain in the lumbar region when he moved. He was feverish, ‘and he vomited 
several times. His parents say that his eyes were “glazed.” He stayed in-bed for 
three days, and at the end of that time he felt quite well. On August 27, when 
he got out of bed, his right leg was weak, so that, although he could walk w-th- 
out assistance, he was liable to fall down. He had no pain in his leg and there 
was nothing peculiar to be seen. The muscles rapidly wasted both above and 
below the knee. He attended the London Hospital until September 26, .and 
was treated with electricity and massage. After that date the treatment was 
continued at home. \ 

He is considered the healthiest of a family of nine children, five of whom are 
older and three younger. The rest of the family were at home, but none of 
them were attacked by any illness. 

Condition zn, February, 1909.—He was a well-grown, strong, healthy-looking 
boy, who had never had any serious illness before. Three years ago he was 
hit on the vault of his cranium by a piece of lead piping; the bone was not 
affected, but the scar remains, and he has occasional headaches since, but no 
other trouble. There were no abnormal signs in any of the abdominal: or 
thoracic viscera. There was obvious wasting of the whole of the right 
thigh and leg, especially in the region of the quadriceps and psoas. The foot 


- was in a position of slight equinus, with hyper-extension of the’ big toe. There 


were no cutaneous nor vasomotor changes. On measurement, the right leg was 
found to be considerably smaller than the left, both above and below the knee. 
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25 could walk quite well without assistance. There was slight dropping 
zf tle right foot and updrawing of the big toe. In the right leg all the museles 
exce the tibialis antieus were working, but they were not so strong as m the 
tt cs, and the extensors were more affected than the flexors. 

,-t the thigh he could not fully flex the thigh on the abdomen, nor could 
he fiy extend the leg. Flexion, external rotation, and abduction were good; 
-ddtction and internal rotation were weak. The psoas and quadriceps in the 
ugh. shigh and the tibiahs antieus in the nght leg were the only muscles in 
"hi: there was no action. All the muscles of the thigh, except the quadriceps 
-nd -^soas, reacted well to the faradie current The sartorius and glutei 
ieaced well. 

r the leg all muscles but the tibialis anticus reacted well to the faradic 
currat. The tibialis anticus gave a slow action to 4 ma. of galvanic current, 
the contraction being greater on closure of the current when stimulated by 
the rnode than by the kathode No reaction was obtained to the constant 
cun2it in the quadriceps or psoas with 4 ma Тһе knee-jerk was not 
obtained in the right leg, the plantar reflex was flexor. There were no sensory 
ehant es. 


215€ IIL—Aged ll. Illness began August 24, 1908, with headache and 
reve" hness August 25° went to bed, and during next five days had attacks 
rese ling cramp n her left leg. On August 30 rt was discovered that she was 
paie lised ат both her legs. Examined February, 1909. flaccid paralysis of 
com  nuscles of left leg, but no muscle of right thigh or leg obviously affected 
suse: of Case IV, but no relation to Case I 

Zaid H. had been staying at Westgate and returned to Upminster on 
Angist 18. On August 24, in the afternoon, she had a bad headache and was 
"ever sh, but did not go to bed. On the evening of the next day she went to see 
Dr. L'unlop. She then had a headache, shght sore throat, and a temperature of 
101 F {885° С.], but no paralysis. She was sent to bed. Between that time 
Awuz-st 25) and August 30 she had three attacks like bad cramp in the left 
Teg. These attacks lasted about one minute, and were so severe that they made 
she jatient scream. On August 80 she felt quite well and tried to get up, 
Dut ll She was again examined by Dr. Dunlop The sore throat had 
zeecvered and the constitutional symptoms had subsided. The right leg was: 
Crezk. but the knee-jerk was present. The left leg was paralysed, and the 
sSnez- jerk was absent 

The right leg gradually got better. The muscles of the left leg wasted 
сар Шу, but after a few weeks she began to regain power and could walk 
250 T.. 


296 ORIGINAL ARTICLES AND CLINICAL CASES 


She 18 the second child of a family of four children. All the children had 
seen away together at Westgate and they all returned to Upminster on August 18 
Her elder sister (Case IV.) was taken Ш on the same afternoon with pains in she 
nead and stomach, but she did not develop awy paralysis. A younger sis:er, 
aged 5, and a brother, aged 18 months, were not affected. 

Condition in February, 1909.—A good-looking girl, looking more than aer 
age. She has always been healthy and has had no serious illness. There were 
no abnormal signs in the heart, lungs, or abdomen. The right leg was well 
developed and was not affected in any way. In the left legethere was 
obvious wasting both above and below the knee, the wassing being greatest 
zn the front of the thigh. There were no cutaneous nor vasomotor changes. 
The circumference of the left leg at various levels was corsiderably less tLan 
shat of the right leg. 
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She could walk well though she dragged the left leg shghtly. The move- 
ments of the right leg and thigh were perfect. She could not extend the ieft 
knee to any material degree, and all other movements were weak. In the left 
thigh the quadriceps (including both vasti) were not working, the hamstrings, 
the abductors, and adductors were working but were weak. The glutei on 
both sides were perfect The muscles below the knee on the left side were 
working, but were weak compared with the right side. All the muscles of both 
extremities reacted well to the faradic current, except the left quadriceps. 
The left quadriceps did not react to a galvanic current of 4 ma,” 

The knee-jerk was present on the right side, and absent on the left. The 
plantar reflex was flexor on both sides. 

There were no sensory changes. 


Case IV.—Ayed 12, sester of Case III., no relation to Case I. Taken all 
on August 24 with pains an stomach and head In bed three days. Never сту 
nervous symptoms 


Maud H. returned from Westgate on August 18 with her sister Enid 
‘Case ПІ.) and the rest of the family. On August 24 she was taken ill with 
headache and pains in the stomach. Her illness started rather later in the 
day than her sister’s, and it was not so severe. She had no sore throat end 
no pains in her limbs. On August 25 she went to bed, as her sister had been 
ordered to do so She stayed in bed for three days, and at the end of that time 
she felt quite well and was allowed to get up. She had no paralysis or 
muscular weakness. 
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Vondition in February, 1909.—Not so strong or well-developed a girl as her 
sister Enid (Case ITI,), but quite healthy. There were no abnormal signs nor 
weazness in any organ or in any limbs. 


use Vi—Aged 8. September 9 had a cough, a bad headache, and was 
` feverish. September 11: was found to be entirely paralysed in his left arm. Im- 
proved greatly but not completely. When examined in February, 1909, had wasting 
and paralysis of many muscles of his left arm. Be ts the brother of Cases VI. 
and VII. В ` 


Stanley M. had been away with the rest of the family to Gatestown, 
in Dssex, and had returned to Upminster on September 3. On September 9 
he Пай a cough, a bad headache, and “ glaring” eyes. He was feverish and 
hadlost his appetite. Не was put to bed. On September 11 he did not use 
his eft hand to feed himself, and it was found that he had lost all power in 
his eft arm. In a few days he could lift his left arm almost to a right angle, 
but sould not bend it nor grasp anything in his left hand. The muscles rapidly 
wassed. There was no rash nor vomiting, no pain, and no loss of power 
elseevhere. He attended the London Hospital for electrical treatment, and his 
con tition much improved. 

Stanley M. is the third child of a family of five. The whole family had 
beea away together and returned on the same day. The eldest child, aged 14, 
and. the youngest, aged 12 months, remained quite well The other two, Eva 
Ros (Case. VI), aged 11, and Gladys (Case VIL), aged 6, were affected with 
constitutional symptoms, like those of Stanley, two and three days later 
respectively, and each subsequently developed a flaccid paralysis, but in different 
par s of the body. 

Vondetion «m February, 1909—He was a healthy-looking boy, but not 
larg@ly built. He had diphtheria in 1907, but has always been bright and 
heathy. The left hand could be ‘held in any position, but was usually held 
fully pronated, the wrist dropped and the proximal phalanges hyper-extended 
The first phalanges of the ring and little fingers were extended; the 
second and third were slightly flexed. The thumb was held extended and 
abcueted. The muscles of the whole limb were wasted and had lost their tone, 
thase of the hand being most affected, and those around the scapular least. 
Th re were no cutaneous or vasomotor changes. 

On measurement the left arm'and forearm proved to be definitely smaller 
than the right. 
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He could perform any movement with his left arm or forearm, though lass 
powerfully than with his right; but in the left hand there was no movement of 
she small muscles of the thumb, of the interossei, or of the little finger. 3 

The left trapezius was not affected. The deltoid, rhomboid, supraspinatus, 
-nfráspinatus, and pectorals were all slightly affected. All the muscles of she 
upper and lower arm were working but not strongly, especially the flexors of ° . 
the upper arm and the extensors of the forearm. Below the wrist none of 
the small museles were acting at all. 

All the muscles of the arm and forearm reacted well to faradism, but none 

`of the small muscles of the hand responded to this stimulus. The small muscles 
of the thenar and hypothenar eminences reacted well to 5 ma. of galvanic 
current; the interasse: also reacted to the same strength of current, but more 
slowly. In all cases, however, the contraction caused on closing the current 
was greater when stimulated by the kathode than by the anode. 

The reflexes were obtained and were normal. 2 

Sensation was not affected. 


Case VI—.Aged 10, sister of Cases V. and VII. September 10, 1908, Imd 
headache, dry, troublesome, cough, and pain m suboccipwal region when moved. 
September 13 had lcst all power in her neck. Partially recovered in ten day qs, tut 
was three weeks before could hold her head up for any length of time. Examined 
February, 1909, and nothing abnormal found. 


Eva Rose M. had been away with the rest of thé family to Gates- 
town and had returned to, Upminster on September 3. On September 10, 
one day after her brother Stanley (Case V.) had been taken 11, she had a Imd 
headache, а dry, troublesome cough, with hot sweats and’ severe pain in the 
cuboceipital region on movement. She did not vomit and had no rash. On 
September 18 she had, lost all power in her neck. There was no wasting and 
both sides appeared to be affected equally. In ten days she had partially 
recovered, but for about three wes could not hold up her head for long at 
2 time. 

Condition in February; 1909.—Like the rest of the family, she is rather 


^ small for her age. She had had the usual infantile complaints, but since five 


years of age has been quite well. She said that at times (for mstance, when 
cold) her neck felt rather weak, but there was nothing abnormal to be seen or 
éetected either in her neck or in any other part of her body. 


Case VII.—4Aged 6, sister of Cases V. and VI. September 12, 1908, had a 
Lad headache, vomiting, feverishness, and general malaise. September 14 had 
entirely lost the use of both lower extremities. Gradually recovered the use of the 
left leg, but the right never quite recovered. When examined m February, 1909, 
the left leg was not obviously affected, but there was flaccid paralysis of most 
muscles of the right thagh. 


Family Historu —Gladys was the third of the M. family to be takən 
ill, two days after her sister Eya Rose (Case VI.) and three days after her 


AN EPIDEMIC OF ACUTE POLIOMYELITIS 299 


>wotsexr Stanley (Case V.). The eldest and youngest were never affected, though 
expcsed apparently tosequal risk of infection. 

Condition wn February, 1909.—A bright, plump child of moderate size for 
Ter „ве, апа а good colour. Ske has had no j&evious illnesses. The muscles 
of tae right thigh were obviously wasted and lacked tone. The muscles of 
"he aght leg and of the left thigh and leg appeared perfectly normal. 

“here were no cutaneous or vasomotor changes, 

Felow the patella both legs were equal; above the patella the right leg was 
the smallere 


Above patella Right Left 
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Ehe walked and ran without any limp, difficulty, or unsteadiness. She 
eoall perform any movement, but there was not so much power ш the right 
"заг. as m the left. | 

“he right quadriceps was very weak, the rectus and vastus externus поб 
асс с at all The adductors and hamstring acted moderately, the biceps 
appeiwing to be the most affected of the hamstrings. АП other muscles of 
“oth lower extremities acted well. 

The right rectus did not react at all vo the faradie current; the right vastus 
intemus reacted badly. All the other muscles reacted well to the faradic 
eurr ut. All the muscles, including the rectus, reacted normally to a galvanic 
eurr nt of 5 ma. 

The knee-jerk was stronger on the left side, but was present on the right. 
‘Jn Loth sides the plantar reflex was flexor \ 

“here were no sensory changes. 


Case VIII.—4Aged 18, without any constitutional symptoms, was paralysed in 
wis right leg on September 16, 1908. Lu eight days was quite well. Examined 
—ebmuury, 1909, and nothing abnormal found. 


Fasil J. had been away at Bexhill during August and had returned to 
“Tpwinster on August 31. On September 10 he was kicked m the lumbar 
-egicn by aman. The kick was not severe. He went to bed quite well, and 
“ven” to school next day. On the following morning, September 12, he fell 
«ow: when he got out of bed, owing to weakness of his mght leg. He was 
examined ру Dr. Dunlop. He was іп no way 1l; he had no cough, no sore 
thro.t and no pain. There was no knee-jerk in the right leg; the muscles 
"vere flaccid, and there was no movement below the knee. There was no 
"wuiiug of the spine. After three or four days he began to mmprove, and in 
eigh- days was quite well. 

Me has an older and a younger brbther, both of whom were at home at the 
"une of his illness, but they remained quite well. 
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Condation in February, 1909.—He was a fine, muscular boy m excelent 
health, and he had never had any serious illness. There was no weakness 
nor loss of tone of the right leg. Measurements showed the right leg tc be 
slightly larger than the left. eThe knee-jerkg were equal on both sides, and 
ете were no vasomotor changes. 
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Pusuications RECENTLY RECEIVED. 
. 
[Notes on a book under this heading do mot preclude a 
subsequent review. | 


Sypilis and Nervensystem. (Neunzehn Vorlesungen für praktische 
Aerzte, Neurologen und Syphilidologen.) Von Dr. Max NONNE. 
Zweite vermehrte und erweiterte Auflage. Mit 97 Abbildungen im 
Text. 8. 699. Berlin: Karger, 1909. 


Eyphilis (as manifested by its effects on the nervous system) is here treated 
zn tLe fullest manner. Each lecture forms a chapter dealing with one aspect 
of tse subject, illustrated with admirable clinical cases. Professer Nonne first 
deal with the nature of syphilis in the light of modern research, and then gives 
2, fu description of the anatomical appearances produced by the disease in the 
nervous system. He then passes on to arteritis and its effects, to meningitis 
of tLe superior surface of the brain and of the base, including lesions of the 
wranal nerves. The neuroses and psychoses of syphilis are described and are 
distinguished from dementia paialytica. Three lectures are devoted to various 
«onctions of the spinal cord and its membranes due to syphilis. Tabes and its 
xelat«on to syphilis is fully considered, and this is followed by an interesting 
-ccoant of cerebrospinal syphilis. Chapters on hereditary syphilitic nervous 
isese, on treatment, on eyto-diagnosis, and on Wassermann's reaction complete 
zhis most valuable work. Its admirable arrangement and its completeness make 
15 an ideal reference book for the practical neurologist. 


Klirsche Beitrage zur Lehre von der Hysterie nach Beobachtungen aus 
Jem Nordwesten Russlands. Von Dr. GEoRG Voss. 8.800. Jena: 
Fischer, 1909. 


Tie author studied 123 cases of hysteria which came to the Marien hospital 
n P+tersburg, and on this material has based a useful clinical monograph. 
Thamers are devoted to alterations in sensibility, the reflexes, the special 
anses, vasomotor and trophic changes, and affections of motility. The work 
4b obaers is invariably considered, and the views of the author are in accord 
~ith shose of most neurologists. Thus he does not believe that the sensory 
+ stuzbanees and the limitation of the visual field are phenomena suggested by 
г edical examination, and looks upon them as of diagnostic importance. 
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The Criminal Responsibility of Lunatics: a Study iy Comparative Law. 
By HEINRICH OPPENHEIMER, LL.D., M.D. Pp. 275. London: 
, Sweet and Maxwell, 1909. . 


This work is gn attempt to bridge the gulf between legal and medieal 
opinion on criminal responsibility by one who is both à lawyer and a medieal 
man. Chapters are devoted not only to the English law, but to a careful 
survey of the laws of other countries, and the author describes the actual 
working of the paragraphs on criminal responsibility in the various European 
States The “knowledge test,” freedom of will, and the power of self-control 
are fully dealt with The treatment of moral insanity, partial insanity, and 
“the critical moment” is less complete, probably because they require wide 
elinical knowledge and familiarity with actual examples of the conditions 
described. This book is an interesting attempt to deal with a subject rendered 
difficult by the fundamental difference in outlook of lawyers and medical men. 


Attention. By W. B. PILLSBURY. Pp. 346. London: Swan Son- 
nenschein, 1908. 


This work formed originally one of the volumes of “The Bibliothéque 
Internationale de Psychologie expérimentale,” and the present volume is a 
republication with numerous additions. It contains an account of all the 
recent methods for studying attention and the results obtained by their use. 
Attention is treated physiologically, psychologically, and philosophically. 
Chapters are devoted to the relation of attention to ideas, perception, memory, 
will, reason, and Zeeling. Every chapter concludes with a useful summary, 
and the book forms a valuable record of our present knowledge of this difficult 
subject. 


Jahresbericht übzr die Leistungen und Fortschritte auf dem Gebiete der 
Newrologie und Psychiatrie. XII. Jahrgang: Bericht uber das 
Jahr, 1908. S. 1312. Berlin: С. Karger, 1909. 


This volume retains all the excellences of previous numbers. No working 
neurologist can afford to be without this work of reference on his shelves. 


4 


A Text-book of Mental Disease. By EuGENIO Tanzi. Authorized 
translation from the Italian by W. Forp Rosertson, M.D., C.M., 
and T. C MACKENZIE; M.D., F.R.C.P. Рр. 808. London: 
Rebman, 1909. 


“This is a well-arranged text-book on clinical lines. The illustrations ‘are 
good and the translation excellent. 


V riters of “Original Articles and Clinical Cases" are supplied free of charge 
with. 50 copies reprinted in the form in which the paper stands in the pages of 
"Bram." If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
‘rom Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 


mondon, W. : 
№ embers of the Neurological Section of the Royal Society of Medicine can 
эра п the Index of “ Brain" for the Volumes 1. to XXIII. inclusive, that is, from 
ts commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin's Street, London, W.C., at the price of 6s. 6d., post free. 
T= those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 6d. net, and the volume may be obtained 


through any bookseller. 
EDITOR. 
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THE HUGHLINGS-JACKSON LECTURE ON SPECIAL SENSE 
DISCHARGES FROM ORGANIC DISEASE. 


BY .SIR WILLIAM В. GOWERS, M.D., F.R.S. 


MR. PRESIDENT AND GENTLEMEN,—To deliver ‘the Hughlings- 
Jacxson Lecture is a task equally pleasant and. difficult. Its pleasure 
and its difficulty arise from the same source.. The object of the lecture 
is to honour the distinguished worker who is still with us, by an-attempt 
to promote the researches which have thrown such bright lustre on his 
nane, and, if it be possible, to carry a step further the results he has 
reashed, or at least to provide the means that may enable others to 
achieve this result. But to make such an effort is to realize its difficulty. 
Knowledge grows most slowly, for the essential facts are rare, and those 
already gathered have been made, to yield their lessons by the Master 
himself, beyond whom we cannot hope to go. I fear, therefore, my 
attempt will involve disappointment to you and to myself. 

The subject to which I propose to limit-my consideration is the 
symptoms of epilepsy which are related to the so-called special senses— 
those of smell, vision, hearing, taste, and perhaps touch—and especially 
the-indications of such epileptic symptoms. as are occasionally presented 
by »rganic disease. Examples of such epileptic discharges from organic 
disease, demonstrable in nature and seat, are rare. It is important to 
lose no. opportunity of examining Sony such as are met with. 


OLFACTORY. 


H 


Anatómically, the “spécial senses Dom with that of smell, and 


the olfactory discharges were the first to receive special study from 
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Hughlings Jackson, whose analytical observation has exerted a fascinating 
and inspiring influence on workers in every coumiry. He published 
& paper, calling attention to their complex and instructive peculiarities, 
as long ago as 1866, a paper ‘that was referfed to, and quoted, by Sander, 
of Berlin, in an account of a fatal case published in 1874, when he also 
considered the few cases he had been’ able to find recorded by previous 
writers, one in 1824 unintelligible to those who do not know the place 
indicated by the “middle of the hemisphere.” Hughlings Jackson 
returned to the subject again and again, in penetrating discussions of 
individual cases, especially in 1899 [8] in a paper in which Purves 
Stewart described six fatal cases that had been published, by Jackson 
and Beevor, Jackson and Colman, Anderson, Nettleship, Sander and 
McLane Hamilton. | 

Another case was published by С. K. Mills in 1908 [6], who also 
‚ added two others described by Linde [4] and by Southard [7], raising 
the number to nine. Two cases have also been published by Buzzard 
in 1906 [1]; although in one of these there was no post mortem, the 
rature and seat of the disease were ascertained by surgery, and it is there- 
fore deserving of inclusion. I have two other fatal cases to describe to 
you to-night—indeed, four—and I find that Sander, in addition to his own 
case, quoted others, of which two are important—one by Lockemann [5] 
(in 1861), and another by Westphal [10] (n 1863). 

The case described by Buzzard was a girl aged 21, who was found 
to have a tumour in and about the right hippocampal gyrus, which 
had destroyed the uncus and had filled the descending cornu of the 
lateral ventricle. It had given rise to a prolonged sensation of a bad 
taste in the mouth and to а sound of bells in the head, neither 
associated with her epileptic attacks. 

Buzzard also mentioned a case ‘in which the lesion was revealed 
ky surgery, a man who had at first a frequent subjective sound like the 
loud clang of a piano, accompanied, after a time, by a very unpleasant 
smell and a keen feeling of reminiscence. A glioma was found infl- 
trating the base of the right temporal lobe, but the operation for its 
removal was not long survived, and no post-mortem examination was 
allowed. 

Lockemann's case was that of a woman, aged 55, who died from a 
malignant tumour of the brain which extended from the left frontal lobe ` 
to the olfactory region, and caused, for a time, a peculiar olfactory buza . 
of frequent attack; the sensation was described as variable and not 


+ 


unpleasant. 
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‘That of Westphal was a'syphilitic nodule in the pid mater beneath 
tae’ rontal lobe, which had destroyed the right olfactory lobule and 
caused a very offensive smell ag the warning ef epileptic fits. 

Тре case I have specially to describe is that of a man, aged 37, who І 
~as admitted to the National Hospital in January, 1905, having 

етей for three and а half years from frequenf slight attacks, of which 
csl occurred daily, often four or five. In these there was, first, a 
snel and taste of gas; “he could not compare it to any known odour, but 
и seemed to be something like sulphuretted hydrogen. Tt caused saliva- 
ton, and. eructation from the stomach. The flow of saliva was so 
£bundant that it would run from the mouth, and often filled a tea-cup. 
After the sense of smell he had a shght sense of turning, and іё. ће 
~alked he had a tendency to walk fast, almost to run. Each attack 
' Estel from one to three minutes. Consciousness was not lost. Не 
` ezca&ionally had a more prolonged sense of the same odour. 5 

fx months after these commenced he had a fit with loss of con- 
sziousness, and the onset was marked by sleepiness, but with no sensa- 
ton »f smell or of taste. -During the next year he had seven others of 
fae same kind. There was apparently general convulsion, since in some 
of trese fits his tongue was bitten. The attacks with smell continued 

Fave months before admission he had severe headache for a week, 
commencing on the right side of the back of the head and neck, and 
soreading forwards over the right temporal region to the forehead and 
telt ever both eyes. ‘Afterwards he had another briefer attack, but on 
the whole he had very little headache. Immediately after the first he 
had diplopia for two or three weeks, and he noticed that his eyésight . 
Wecarne poorer, objects being indistinct, especially to the left. For about 
free months he had noticed that he could not smell so well as formerly. 

Ee was a well-developed man, and his mental state presented no 
. sono-mality. . His smell was defective, especially -on the right side, but 
cid rat seem to be lost. There was almost complete left hernaniopia, 
tae loss extending almost up to the middle line, but it/spared the region 
«2 tle fixing point. The right half field was restricted in the upper 
periphery, especially in the right eye. The left optic disc presented 
consilerable papilltis about four discs breadth in width, but-with only 
sigh swelling (two diopters, Mr. Gunn). It was grey in tint, with 
с few hemorrhages on each side. The right optic disc appeared normal, 
_ Che only morbid appearance it presented was a little capillary redness 
, im ths upper part. - 

There was considerable loss of power in the left external ко; and 
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in the right internal rectus on convergence, but alone it acted well. 
There was no nystagmus. The conjunctival and ‘corneal reflexes were 
diminished on the left side, but there was no defect of sensation on the 
fate or weakness of the masseter. Slight weakness of the face on the 
left side existed in all parts. , Hearing was good on each side. The 
tongue and throat presented no symptoms. The strength of the left 
hand seemed a little diminished. Both knee-jerks were brisk, but 
there was no foot clonus. The left abdominal reflex was stighter than 
the right. 

He had only occasional headache—not severe. There was marked 
tenderness to firm pressure on the right side at the temporal and lower 
part of the parietal region. No sound could be heard on auscultasion 
there. 

In February he was trephined by Su Victor Horsley. The right 
parietal and temporal regions were exposed. The brain was bulging, 
but no tumour could be seen on the surface, or on raising the temporal 
lohe; but this was firmly adherent to the dura mater near the tip. Ап 
oblique incision into the substance of the lobe revealed an infiltrazing 
growth near the anterior extremity, which could only be partially 
removed, in pieces. Hemorrhage occurred from many vessels which 
had to be tied. The operation was borne badly, and the patient died a 
few hours after its completion. 

At the necropsy it was impossible.to discern the precise size and 
position of the growth in the temporal lobe. It was found to Lave 
compressed the chiasma and right optic tract, and it was contintous 
with a mass of similar growth in the white substance of the frontal 
lobe, 14 in. in diameter. The highest part of this was lin. below the 
second frontal gyrus, and it had reached the orbital surface to the outer 
side of the middle The growth was a glioma. 

I shall have presently to describe another case in which the fits were 
preceded by an auditory warning at first, and subsequently by an olfac- 
tory aura, consequent on the descent of a growth towards the apex of 
the temporal lobe. 

Twelve of the cases cited above were so extensive as to have no 
precise localizing value; of these, eleven were of tumours and one of 
meningitis. Another, that of Westphal, had apparently produced the 
symptom by destruction of the olfactory bulb and tract. ‘There was 
extensive meningitis in the case of Southard. but there was alsc an 
aneurism which had destroyed the uncus. In only one case was tiére 
an isolated lesion of this structure—a small spot of softening within the 
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-nevs—and in this case, described by Hughings Jackson and Colman, 
“mere were no sensatfons of smell, only the movement of the mouth aad 
:3Ws which is so suggestive of a sensation of taste. This was present 
also in the case of Southard,*in which the uncus was destroyed by an 
ameumism. Although the symptom is probably a distant secondary effect, 
and i: present in many cases in which there is no evidence of disease 
а tkis region, we are almost compelled to regard it as evidence of a 
gustatory sensation. We must remember, moreover, that Jackson, ш 
-roposing the name “uncinate epilepsy." for these attacks with an 
*lfaczory or gustatory aura, expressly disclaimed suggesting more, as tne 
seat of disease, than the general region traversed by the olfactory гоозв. 
“Where these fibres end, in the various structures they penetrate, remains 
t5 be discovered. De 

Ё putrid odour was occasionally described. Regarding this, caution 
Е necessary when it does not attend other distinct epileptic symptoms. 
Тэ азу be an isolated manifestation of suppuration in one of the nasal 
£ nuses ; 

Several peculiar features frequently attend these cases of epileptic 
¿stacks with an aura of smell, but little can be added to the instruc- 
ive Ciscussions they have received from Hughhngs Jackson. I may 
mention that he has called attention to the observations of W. б. 
Sperzer [8] on the arrest of respiration, at the end of inspiration, pro- 
слсе1 by stimulation of the anterior perforated spot, over which passes 
fae ceter root of the olfactory tract, and into which some of its fibres 
pass, as, perhaps, explaining the sense of dyspncea occasionally associated 
with an olfactory aura. We are reminded of ıt by some cases of 
topa-ently idiopathic epilepsy. For instance, in one a sense of dyspnea 
seemed бо have a nasal origin. The first thing was a stifling sensation 
ic tha nose, as if the patient could hardly breathe, followed by a sudden 
sense af a peculiar momentary bad smell. 

The psychical condition which often attends the slighter attacks in 
cases in which there is an olfactory sensation has been termed the 
“dreamy” state. There seems to be only a partial impairment of 
canseipusness, or the loss of, this occurs so slowly that a distinct recollec- 
tion "s retained of the transient sensations which precede it. The term 
* dreamy ” is often spontaneously applied to the memory of other slight 
z tac, especially of those in which some definite sensations were experi- 
€ucec. бо also with the impression of recurrence, or of precurrence, it 
righs be more accurately termed—the clear belief that the same feeling 
‚ Las been experienced before. This is a phenomenon of normal bra:n 
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states, or presumably normal, as Oliver Wendell Holmes has so well 
impressed upon us in his “ Autocrat of the Breakfast Table," in connec- 
tion with Day and Martin’s blacking. Much more strange, and at 
present beyond our power of conceiving” an explanation, is the sense . 
of dread, intense and causeless, which has been marked in several 
cases. ` И Ё 

In ordinary epilepsy we sometimes meet with а slighter sensation of 
smell associated with other definite and deliberate sensory perceptions. 
In one case the sound of bells, with red and blue lights, was followec by 
a distinct putrid odour. Another patient always had a peculiarly complex 
aura. A sensation in the left hypochondriac region seemed to ascend 
the left side of the thorax in a jerky motion, and, at the clavicle, it 
became a sound, and could be ‘heard as well as felt; when it reached the 
level of the ear it was like the hissing of a railway engine. Then he 
suddenly saw an old woman in a brown dress, who offered him same- 
thing that had the smell of Tonquin beans. The woman then disappeared, 
and two round lights appeared before him, which got nearer and nearer 
with a jerky motion, and he lost consciousness. The warning was 
always the same in every detail. Such ‘cases are, doubtless, due ‘to a 
secondary involvement of an olfactory centre in à discharge beginning 
elsewhere and spreading widely. 


AUDITORY. 


Organic disease sometimes causes attacks in which the warning is a 
subjective sound. As might be expected, the cause is generally a tumour’ 
of the upper part of the temporal lobe, often subcortical, beneath the 
first temporal in which experiment indicates the situation of the audiory 
centre. But it will be remembered that experimental extirpation of this 
has never been followed by permanent loss of hearing, neither has this 
result followed enduring destruction of this region by disease in man. 

The effect of à tumour in the region was shown by the case recorded 
by Buzzard which I have already mentioned, in which a glioma of 
the base of the temporal lobe caused, at first, sudden sounds like the 
twang on a piano-chord, and, later, sensations of smell. This effect is 
not rarely met with, and it is noteworthy that the discharge of the 
centre is often due to a growth ш the white fibres below it. It was so 
in.a remarkable case which came under my notice many years ago at 
the National Hospital where the patient was under the care. of Dr. 
Hughlings Jackson. The details of the case have never been published, | 
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ind Br. Jackson, with characteristic kindness, has’ placéd them at my 
adispceal this evening. The notes are long, for they comprehend the 
patiect’s four years’ history, but I will akridge them as much as I 
may,.and І beg you to accept my regret if they weary you; b are 
‚ Enpacant. 

The patient was a man of 39, admitted ip November, 1875. He 
~as » painter, but without sign of lead poisoning. There was no history 
of syrhilis.* He was left-handed, but had been taught to write with the 
rghtaand. For two years he had suffered from fits; before then he 
vas well.. He had also ‘suffered much from occipital pain, increased by 
' t. cotgh. There was no paralysis. The fits had occurred about once 
с we2x during: the two years. For the first six months there was no 
warring ; subsequently there -was an auditory aura. Тһе slighter 
cttacks began by a humming sound in the left ear; those of greater 
veri y, by a loud sound like a peal of bells, also to the left. 
The tts continued after admission. The duration of the loud sound 
was about three minutes, and it ceased before the convulsion began. 
cust “efore it ended, the patient felt a burning sensation in the left 
external auditory meatus and concha, like the contact of hot coal. The 
апт rg sensation then passed down the left side of the neck, and round 
tae kerk of the neck to the right ear, and also across the forehead. In 
te reck, and indeed in each part to which ii passed, it was accompanied 
Ly a sensation that the part was fixed and could not be moved. The 
Lurnrg then passed down the thorax, front and back, to the leg and 
tot, where it became a.numbness. After the leg the sensation passed 
Cowr zhe arm to thé hand, which felt heavy and fixed. From the onset 
there was intense frontal pain. The head shook rapidly from side to 
sde, and the eyelids were quivering. Sparks also appeared before the 
eyes, €lways yellow, deep yellow at first; afterwards lighter; with the 
caset əf the burning heat, the face became drawn towards the left by 
ionic spasm, and afterwards there was trembling of the limbs of both 
sides. If he’ could get anyone to squeeze his head, the sensation 
lessered, and he did not lose consciousness, otherwise he became uncon- 
scious and his. tongue had often been bitten, but no severe convulsion 

was zn in the hospital. In other attacks of the same: character the 
arm "vas affected by the sensation before the leg, and his description was 
ihat sae arm seemed as if lying in a bed-of stinging nettles. The 
autacEr were always followed by intense headache. When admitted the 
tic discs were normal, but in three months optic neuritis slowly 
.bvele»ed. Soon afterwards left-sided hemianopia was found, thé loss 
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almost reaching to the medial hne. The fits he had i in the hospital were 
less frequent. Hach was followed by transient weakness of the left side, 
the only paralytic symptom, His headache improved. After six months 
ће went out, for the same time, and returned at the end of October, 1876. 
The fits had continued; many had occurred without warning, but those 

_ which he had after re- agmission presented the same aura, the sound of 
a peal of bells, now followed by pain at the back of the left hand, which 
passed up the arm to a little above the elbow, and was ther? felt in the 
left side of the face. Tingling followed in the left leg, which passed up 
the thigh; then he fell, unconscious. The arm was the seat of con- 
stant tremor, which was present also in the leg when he was sitting, but 
ceased when he stood. It began suddenly in June in a violent form, 
soon after rising. In the arm it was coarser than in paralysis agitans, 
and involved all the joints, but was greater in the wrist and fingers than 
in the elbow or shoulder. A movement stilled it for a time, but it soon 
returned. The left arm had become distinctly weak; the grasp was 
85 with the right hand, but only 10 with the left. The leg seemed 
strong. The optic neuritis was subsiding, but vision was considerably 
impaired. 

He did not then stay long in the hospital, and the notes are brief, 
but he was again admitted in October, 1878. Continuous occipital 
headache still troubled him. Left hemiplegia had gradually developed, 
and had attained a considerable degree. The neuritis had led to con- 
secutive atrophy with still more impairment of sight, greater in the 
right eye. The left hemianopia persisted. Hearing was noted to be 
good on each side; smell also was good and equal; taste seemed 
diminished. His fits had become less frequent, and many appeared to 
have been bilateral. He still had frequent severe occipital headache 

Many fits occurred after he returned to the hospital; the description 
of them in the notes now never mentions an auditory aura. In those 
that were severe, the convulsion was bilateral, but more’ severe in the 
left side. After the fit there was conjugate deviation of the eyes to the 
right. In slighter attacks the convulsion was limited to the left side. 
At the onset he sometimes saw a flash of light. The onset of one severe 
attack was carefully noted as being first in the left side of the face with 
loss of consciousness, and this was followed by jerking of the head to the 
right and twitching of the mouth to the right, with deviation of the eyes 
to the extreme left. Then the right arm was drawn up and convulsed, 
and afterwards the leg, subsequently the limbs on the left side. Finally 
the head turned to the right, and the eyes to the extreme right. 
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Тр the beginning of, 1879 sight had almost completely failed. Move- 
mext of the eyes 6 the left was attended by nystagmus. Hearing was 
mmoaired on the left side, the watch not being heard at all, while it was 

vlestly heard on the right. “The left side of the face was very weak, the 

iorshead being smooth. Sensation on the face was a little impaired. 
The tongue deviated to the right. The left arm was quite *powerless ; 
he leg could still be moved, although feebly, ‘but it was not rigid. The 
трт leg eould be moved freely. Sensation was not much impaired in 
the left limbs. The occipital headache was slighter, but it afterwards 
agam became severe. 

During the next few months he had an occasional slight fit, and 
so-netimes a feeling of the room going to the left. In the spring he had 
a more severe fit, with unconsciousness, and convulsion only on the right 
sice; the eyes and head deviated extremely to the right. Other right- 
siced fits occurred during the next two months; slighter attacks were 
luted to the face, and one of these was followed by a copious flow of 
saiva. Then continuous delirium set in. His wife was dead, but he 
asserted that he could see her practising prostitution with other patients 
in the ward. When assured that it was not so, although he was blind, 
his reply was, “ Do you think I cannot believe my own eyes?" 

In August there was alternate convulsion in the rigbt and left side of 
the face, and then a severe convulsion on the right side. In September 
the delirium ceased. Smell was noted to be still deficient, but “ better 
or the left side than on the right." Occasionally, however, he had an 
urpleasant subjective smell “ like a strong liniment, almost taking his 
breath away." On the right side hearing was still good, and on the left 
tke watch could be now just detected in contact; there was still often 
stbjective ringing. Taste was slow; occasionally a subjective bitter 
tasse was experienced. Sight was practically gone; occasionally he 
stl had subjective sparks to the left. Movements of the eyes were 
feeble, and on looking to the left the right eye did not move beyond 
tke mid position. Swallowmg was slow; he choked easily and coughed 
muuch. The chest moved well on the right side, very little on the left. 
Ee spoke at first m an audible tone, but his voice soon died down to 
а whisper. The left arm was powerless, with no rigidity, but he com- 
p-ained of a dragging pain in it, and if moved away from his side he 
could not tell where it was. The mght arm was moved freely, but was 
tco feeble to act on a dynamometer. The left leg was powerless, but 
wi.hout rigidity, and passive movement caused much pain in it. The 
rizht could be well moved. The right knee-jerk was present, the left 
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very slight, and the attempt to obtain it caused pain. There was no 
foot clonus. Sensation to pain and touch was defective in the left limks, 
normal in the right. He continued in this condition, having a few fits, 
geneyally slight. In one the convulsion was În the right arm and slightly 
in both legs. On December 7 he died suddenly. . 

Post-mértem.—A tumour was found in the right hemisphere, but ro 
morbid process in the left dr in the pons. The growth lay between tke 
optic thalamus and corpus striatum on the inner side and the cowvolutions 
of the temporal lobe on the outer. It was almost cónfined to the white 
substance, ceasing about 45 in. from the grey substance of the temporal 
convolutions and of the island of Reil, but it had invaded the outer 
segment of the lenticular nucleus behind the middle of the corpus 
striatum, and had compressed the other segments. It had also 
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Fic. 1. 
Section through the R. hemisphere, lower half, showing extent of tumour. 


invaded the posterior extremity of the optic thalamus for $ in. only 
and the thalamic substance was softened in an area of i in., just 
Ъелїпа the anterior extremity. A tongue of growth (fig. 1) appeared at . 
ihe base between the crus and the uncinate gyrus, which was dis- 
placed outwards, but not invaded superficially. This, projecting area 
of growth was 15 in. from before back, and § in. wide. It had, 
compressed the optic tract almost up to the commissure.. Behind, 
in front of the corpora quadrigemina, the growth had invaded the 
cres, in an area the size of a split-pea, and thence had. passed into 
the anterior and slightly into the posterior right quadrigeminal bodies, 
but had nof crossed the middle line. The anterior limit of the growth 
was the neighbourhood of the grey matter of the convolutions of the 
island of Reil, opposite the middle of the corpus striatum. The highest 
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level it reached was & little above the floor of the lateral ventricle, outside 
it. It had filled the descending cornu, and extended beneath the anterior 
half of the posterior cornu, where it ceased by a rounded end, which was 
separated by a thin layer f. softening ftom the cerebral substance. 
Nowhere else was there this separation; the growth was for the most 
part similar to the appearance and consistence of the greyematter of 
the cortex. An exception was presented by the region between the 
posterior part of the optic thalamus and the temporal cortex; here 
it vas much firmer, and, almost cartilaginous in consistence, yellowish 
in nt, and contained several small irregular cavities. It was evidently 
the oldest part of the growth. | : | 

The structure of the tumour had the aspect of a glio-sarcoma. It | 
was composed of small oval cells, with a few fibres. 

The features of this case are of great interest. The earlier fits must 
ha-e been due to discharges in the right hemisphere, beginning with the 
auditory centre, as the result of the growth in the white fibres beneath 
it. Although the cortical centre would be isolated, the discharge would 
affect consciousness as a sound, and, extending to the motor region, which 
` was not isolated, would cause convulsion on the left side. But before 
the convulsion the discharge seems to have spread to the centre for 
common sensibility in the ear, the external auditory meatus and concha, 
and thence rourid the neck and down the trunk to the left limbs. The 
discharge in the centre for common sensation in a special sense .organ, 
as well as in that for the special sense itself, is rare, but is occasionally 
met with in epilepsy. I have not heard of it as а consequence of 
organic disease. It is especially intelligible in relation to the auditory 
cemire, because the vibrations of touch stand in.so close a relation to 
those of sound. ' | s : 

Lastly, a feature which is difficult to explain is the final convulsions 
on the right side, for which no explanation could be found in any lesion 
in the left hemisphere.- We must consider that they were produced by 
the tumour in the right hemisphere acting on.the left cortex through the 
fibres of the corpus callosum. " 

Colman [2], in a very instructive paper on hallucinations pro- 
duced by organic disease, has published an account of a case of a tumour 
of the lower part of the central convolutions and the adjacent first 
temporal on the left side, in which there was the sound of bells in' the 
right ear and afterwards a pleasant hallucination that a musical box - 
wes constantly playing. Colman has also referred to the case of a 
Jewess of Odessa who was subjected by her husband to blows on the 
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head, which amounted to a rough physiological experiment, the resuks 
of which were described by Thomaschereski and Stafnonowitsch in 1893. 
Congestion of the cranial bone, thickening of the dura mater and pia 
mater and inflammatory tisfue beneath it? with changes in the cortex, 
were found over part of the right.central convolution, the posterior half >f 
the first temporal, the supramarginal and the angular gyrus. She suffered 
for long from convulsion§g, chiefly left-sided, and persistent auditory 
sensations en the left side, as well as left-sided visual hallucinagions. 

Last year an Italian widow, aged 89, was under my care at the 
hospital with symptoms of a tumour of the temporal lobe—double opte 
neuritis, headache, and convulsions, some preceded by the sound of a bell 
ringing on the left side, а very offensive smell, and the vision of a strange 
woman. Нег case was especially fixed ın our memory by the fact thut 
she was quite wiling that her head should be opened, but she had a 
profound objection, at first insuperable, te the removal of her har; sle 
only consented on the assurance that it need only be taken off on ore 
side, and that it would surely grow agam.. Sir Victor Horsley operated 
in July. А round encapsuled tumour, subcortical, was found in tke 
temporal lobe; it reached down almost to the uncus. It was shelled 
out, through an incision, with as little injury to the brain as possibls. 
She had afterwards slight left hemiplegia and diminution of sensation, 
but she left after two months, rapidly becoming well. Нег only 
subsequent fits were on the day of the operation, and in these 
the previous aura, the offensive smell and vision of a strange woman, 
occurred after the cessation of ten minutes’ spasm of the left arm, 
not before it. 

These warnings had occurred only for a year and a half, when the fr s 
had been more frequent, but the first fit was at 14, а month after her 
marriage, and they had occurred two or three times a year ever sincs, 
with tongue-biting and micturition, quite similar to those of the-la:t 
year. No family tendency could be heard of. At the age of 19 she had 
a small tumour removed from the breast. The cerebral tumour wes 
thought to be a glio-sarcoma; its structure suggested a long duration, 
and it may well have been present at the time of the first fit, and have 
caused the convulsions which were only associated with the auditory 
and olfactory warnings after it had attained a considerable size. 

The reverse is the case with a woman who has just undergone the 
first stage of operation. Her age is 35. Fits have occurred for seven 
years and were associated long ago with a smell of rotten fish 'and also 
the sound of a voice, but these have been absent now for several year:.. 
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Their cause may be learned next week. [The operation proved it to be 
а luzge cyst, apparently connected with a lateral ventricle. The patient 
mace а quick recovery.] | á 

VISUAL. 

Discharges in the visual centre seldom result from organic disease. 
The half-vision centre in the occipital lobe is still the only one generally 
recognize. Many years ago I suggested that the symptoms of disease 
give weight to the experimental conclusions of Ferrier, which indicated 
thz- the region of the angular convolution, between the parietal and 
occipital lobes, has a visual function. The facts suggest, I think, that 
this region is connected with both half-vision centres in a complex way, 
so as to represent the visual function of both eyes, but of the opposite 
eye to a greater extent than of the eye of the same side. Partial 
disease of this centre seems to lower its function as a whole. In the 
hemiunesthesia of hysteria this centre seems to be put out of action, and 
the effect on vision 1s well known. Such an hysterical condition is 
commonly regarded as not worthy of consideration, but functional states 
are the only evidence we can obtain of some arrangements in the 
сепіта] nervous system. A similar condition of vision may result from 
an organic lesion. 

Some of the preliminary spectra of migraine can be best understood 
or. the assumption that they depend on a slow discharge in this higher 
visaal centre, on the side in which the subsequent headache is felt, 
especially those that have the form of what is termed the “angled 
fortification spectrum.” The inhibition. which accompanies the spectra 
seams sometimes to be seated in this centre, sometimes in both (when 
there is a central loss), sometimes in the related half-vision centre. But 
it is remarkable how very seldom inhibition of the latter forms part of 
the warning of idiopathic epilepsy. 

I must not allow myself to be led into a discussion of functional 
aifections, but I have to describe some cases of organic disease involving 
the angular gyrus and causing visual symptoms, cases which seem to 
aíford definite support to the opinion I have put forward. I must again 
азх your pardon for the demand I shall have to make on your patience. 
The first case is important as evidence that the centre may also be 
concerned with word-blindness. Although it was diseased on the right 
side of the brain, the patient was left-handed except for writing, and in 
such a case the speech functions may have at least partial relations to 
the right hemisphere. 
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The patient was a man, James S., aged 45, who was admitted into 
the National Hospital, May 18, 1904. He was left-handed, and thinks 
he became so, except for wrjting, in consequence of an accident to tre. 
right hand at about 10. He had served in the Navy for twenty years, 
end during that time he had many blows on the head. He denied 
syphilis, bit adnaitted many risks. Some time in 1902 he was struck on 
the head by a heavy piece of coal, and in November of that year—hcw 
long after the blow he does not know—he had a severe fit, which com- 
pelled him to stay in bed five days. He remembered, during this time, 
seeing a bright white light on his left. Subsequently he had sligat 
attacks, in which his head turned to the left and there was brief loss of 
consciousness. In March, 1904, he had three severe fits in one day, 
with convulsion on the left side, and coloured lights to the left. After- 
wards slighter fits occurred every few days until his admission, and 
afterwards. i | 

He was а man of considerable intelligence. His smell, taste, sight 
and hearing were normal, and so were the optic discs and ocular move- 
ments. The left arm was slightly weak; the grasp being 75, compared 
with 90 on the right side, although he was in general left-handed. ТЕе 
left knee-jerk was the more active, and the plantar reflex was extensor, 
tne right being flexor. 

The attacks occurred frequently, but varied much in degree. Very 
careful notes were taken by Dr. Gordon Holmes, who was then resident А 
medical officer. In theslightest the eyes became fixed without deviation. 
The left side of the face was the seat of slight tonic spasm, and the head 
turned slowly to the left; consciousness seemed dull for about a minute. 
In others, in addition, the left arm became rigid, and the elbow a little 
flexed without movement of the wrist or fingers. Smacking movements 
of the lips terminated each attack, but no sensation of-smell could be 
ascertained, although sometimes he spoke of an unpleasant bitter taste 
in the mouth. 

Many attacks, especially when more severe, were heralded by the 
appearance of several small balls, just to the left of the fixing point, aml 
above, or below it. They were brightly coloured, red on the outside; 
within this was a zone of blue, the centre being white. They wers 
always the same, and they moved to the left in a series of jerky move 
ments, five or seven minutes after being first seen. During this time hs’ 
eyes were constantly being*jerked towards the left. Almost immediately 
after the appearance of the balls slight dimness developed in the left half 
of the field, which rapidly increased in degree, until it amounted to 
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coriplebe hemianopia, extending to the middle line, except in а small 
are» round the fixing point. It remained complete until about five 
minutes after the coloured balls disappeared, when it slowly lessened. 
So»n after the disappearance of the balls; round markings the size of 
the balls could be dimly seen at the place these had occupied. (The 
figares 2—5 represent the course of the spectra in some of the fits that 
жесе carefully observed.) The passing away of the hemianopia seemed 
to be from the medial part of the field towards the periphery, but a 
little dimness still remained half an hour afterwards. 

In some attacks there was initial jerking of the eyes to the extreme 
lef-, and of the head, by tonic spasm. After a few seconds the spasm 
cessed, but presently came on again, and these recurrences went on for 
tw-nty minutes, each being attended by the noise in the mouth as if the 
patient were chewing; the arm and leg were rigid, and the arm was the 
seat of а fine tremor. In it there was complete loss of sensation, to 
totch and pain, up to two inches above the elbow-joint. The right 
limbs were normal. During this time the patient saw the coloured balls 
to she left, for about ten minutes. When they disappeared the eyes and 
head could be moved to the right. The tremor of the arm ceased, but 
was replaced for a time by irregular motion, comparable to athetosis. 
In a few minutes the loss of sensation had diminished, and extended 
onj over thé hand up to 2 in. above the wrist. Consciousness was 
unzxnpaired, but after an attack he frequently used wrong words in 
speaking, which bore no resemblance to those he intended to say. 

Such an attack was sometimes followed by a severe recurrence, 
Fc instance, & quarter of an hour after one was at an end, he com- 
plained again of losing the feeling in his arm, which was found insensi- 
йүз as before. The coloured balls reappeared, but soon changed to long 
cobured streaks in their previous course. Then he suddenly sank in a 
chiir, saying that he had completely lost his sight, but in a minute he 
was again able to see as before. The attack passed off at the end of ten 
minutes. А third presently occurred of similar character, except that he 
dic not again entirely lose his sight. A quarter of an hour later the 
fieds were taken by a perimeter, and the hemianopia still persisted. 
Helf an hour after the end of the last fit, the left arm was still 
rigd, and the leg abducted. By this time sensation in the arm had 
be-ome normal. 

Occasionally he felt the loss of sensation, which was verified by 
exumination, and there was extreme deviation of the eyes to the 
lef, without the appearance of the coloured balls. The fields were 
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many times separately taken with the perimeter, "and: elwaye found ` 
rormal. 

The following, note was Bade of his impairment in speech: He 
always understands the nature of objects, fnd can easily express all his 
ideas and wants, speaking quite correctly. He understands everything 
said to hirf, even when spoken to quickly or in complicated sentences. 
He can read fairly well, bit says it is much more difficult than it was 
before he Became liable to fits; the effort tires him. Не can see the 
words quite well, but has to read a sentence over and, over again before 
he can understand the meaning. His right hand being. good, he соп 
write quite well and legibly, but complains of difficulty in expressing his 
thoughts in writing. Не says: “І either leave out letters, or put № 
. wrong letters, and sometimes I put in wrong words.” When asked 50 
write he began deliberately, stopping frequently to read over what he 
had just written, and often pausing to think how to write certain words. 
That which he wrote presented the mustakes in letters and words just 
mentioned. He can read fairly well what he has written, and recog- 
nises his mistakes, but cannot correct them. In writing from dictaticn 
he makes the same mistakes, but he can п copy very well, or copy print 
into writing. 

On July 5 he was trephined by Sir Victor Horsley. The opening in 
the skull was.3i in. by 3$ in., and its centre was over the supramarginal 
gyrus. The dura mater there was very hypervascular, but not tensa. 
Cn the 9th the second stage was carried out. The dura mater over tLe 
d pel ne gyrus was found, on incision, to be considerably thickened. 

5 was removed up to near the edge of the opening. No tumour could he: 
seen on the surface, but the pia mater was milky, opaque and thickened, 
and the surface of the brain was firm and nodular, and hard to tke 
touch. A horizontal incision was made just above the supramarginal 
convolution, the substance of the brain was evidently sclerosed, greyish 
white and opaque in aspect ; but, though the incision was deep enough 
to open the lateral ventricle, no tumour was found. In the anguler 
gyrus, posterior to the incision, a firmer patch of ‘sclerosis was found. 
The operation was well borne. : 

One or two fits occurred each subsequent day, on the left side, 
beginning in the face with clonic spasm. Consciousness was not loss. 
After a week they became less frequent.’ His mental state was very 
obtuse. During August there was steady improvement. The wound 
healed firmly, and his fits became less frequent and ceased by the middle 
of the month. In the middle.of September it was noted that his 
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mertal state was good and bright, but now and then he seemed to 
became dull and strange, as though he had a slight attack of petit mal. 
He-rng was good, and the only defect in gght was a slight peripheral 
resiriction ш the left lower edge of the field. The two knee-jerks tere 
equal, and the plantars both flexor. Spontaneous speech was quite 
gool. He still complained of difficulty in regding, and that sometimes 
he could not understand what he read, but he read short senter ces 
qui e well*and showed that he understood them. In reading aloud he 
male many mistakes, especially with the longer words, and even skort 
one were often pronounced wrongly. Spontaneous writing was with 
талу mistakes, which he recognized on reading it afterwards. Writing 
from dictation was very imperfect, and long words he said he could not 
wrie, and, when urged to try, he was unable to produce anything like 
the correct word He seemed, indeed, to produce some retained visual 
symbols rather than to translate the auditory symbol into one of aporo- 
prizw visual character. 

Ly we middle of October all trace of hemiplegia had disappeazed. 
He could write intelligently to his wife, but still failed im writing from 
dicauon. He was discharged October 18, 1904, and has since keen 
heawc of as able to pursue his work in Ireland. 

The visual phenomena present in the attacks of this patient seem 
bes: explamed by a discharge of the assumed higher visual centre in 
the region of the right angular gyrus, which spread to the adjacent 
moor centres, or to it from them, and also produced temporary 
inh lution of the right half-vision centre, which very slowly passed 
awzy after the cessation of the discharge. They show how readily 
the half-vision centre undergoes inhibition, and that sometimes a 
secondary discharge of the centre ın the other hemisphere may result, 
causing complete loss of sight. This has occurred when a hemorrkage 
in «ne occipital lobe has caused permanent hemianopia, but at first com- 
ple-e loss of sight by the inhibition of the half-vision centre in the ozher 
heiaisphere, which, ш one case I have seen, continued for а week. 

Another case has been in the hospital, in which a traumatic super- 
ficial lesion of the angular gyrus gave rise to fits, beginning with a visual 
aula. The patient was under the care of Dr. Batten, to whom I am 
greatly obliged for the opportunity of describing 1 to you. 

She 1s a girl, now aged 9, without neurotic heredity, who, when sged 
85 years, fell down fourteen or fifteen stairs and struck her Һеас on 
the stone tiles of the floor below. There was no cut or bruse of the 
heed. and the exact place of the blow was at the time uncertain. She 
seered to have no loss of consciousness. . 
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Half an hour later she had a fit, with loss of consciousness and 
twitching of the right side, face, arm, and leg, and she vomited several 
t-mes during the convulsion., When it ceased she went to sleep, and 
after* two hours woke up seemingly well” and no loss of power was 
noticed. Similar attacks recurred, and during the following year she 
had about forty. Then they ceased and she was free for three years, 
until Christmas, 1907, when they returned, and have frequently recurred 
since in severe form, until she came to the National Hespital cn 
June 15, 1909. 

_In the hospital she had several attacks, differing in severity, but 
similar to those which had occurred previously. Hach begins with 
a bright light in the mght of the visual field, and she always rubs 
the eye with her right hand—not, she says, on account of any dis- 
comfort in the eye, but to get rid of the light; the head is then 
turned slowly to the right, and the eyes also deviate to the right. 
Consciousness is lost. Tonic spasm occurs in the right side, followed 
by clonic movement and twitching of the right side of the face and 
jerking of the eyes. The duration of the whole is two minutes. Con- 
sciousness then returns. Immediately afterwards there is loss in the 
right part of the field of vision, quickly passing away, and diminution o? 
tactile sensibility ın the right hand, and also extensor plantar reflex. 

Some attacks were very slight and consisted only of the visual 
sensation, deviation -of head and eyes to the right, and loss of con- 
sciousness, but with no movement of the limbs or clonic spasm of 
the face. The duration of such an attack was only about ten seconds, 
and after it no hemianopic loss could be found. Others were even 
more severe than that described above. One, which was also carefully 
observed by Dr. Gordon Holmes, began by the right visual spectrum 
and rubbing of the eye, with slow turning of the head to the righs. 
On opening the eyes they were strongly deviated to the right. She 
irdieated the position of the “ twinkles," as she called the spectrum. 
as far out in the right visual field. Then she obviously became 
unconscious. For thirty seconds there was only strong tonic cor- 
traction of the muscles of the right side, the right arm being extended 
and the shoulder drawn downwards and backwards. Then clonic flexcr 
spasm of the elbow occurred alone for about five seconds, when twitch- 
ing of the right side of the face was added, strong jerking of the eyes 
ёс the right, and, almost simultaneously, clonic flexor spasm of the rigbi 
fingers; and from this time the convulsion involved the face, arm, and 
leg, the trunk being also affected. No movement on the left side could 
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be perceived. After two minutes the movements ceased, the last being 
sliga twitching of е right corner of the mouth. 

Immediately after the fit, sight was distinctly lost ın the right side 
of -he fields; it was soon retained, although for a time she said she,saw 
objects more distinctly in the left than in the right half. Sensation in 
the Land was lessened to both touch and pain, and even afte? a quarter 
of . hour she complained that she could nôt feel the hand properly. 
Th» righteplantar reflex was extensor after the fit, the left flexor, and the 
abconunal reflex was much less on the right side than on the left. 

In one severe fit there was also some spasm in the left leg. 

The visual spectra which she calls “the twinkles " always appear on 
the -ight, and she always rubs the right eye. They seem accompanied 
by deviation of the eyes to the right. She says the twinkles are “ like 
sta-e." She occasionally says “ they are all colours, green and red and 
blue and yellow." She says they do not move independently of her 
heed. 

Only on one occasion there seemed to be a difficulty in speech. 
About an hour after a fit her words are said to have been “all of a 
juabhle" for a few minutes. At the time she could understand quite 
we what was spoken to her. 

Apart from the attacks, her physical condition seemed quite normal. 
Her ocular movements were perfect, and so were all reflex actions, 
including the abdominal and plantar. 

On July 6 she was trephined by Mr. Sargeant over the left parieto- 
occipital region, and, by saw-cuts, an osteoplastic flap was made and 
turned down. On exposing the brain the angular gyrus appeared paler 
and wider than the other convolutions, and, in its posterior part, was 
sof;ened. On incision a dark grumous material escaped as well as some 
pa-e gelatinous substance. It seemed to be an old blood-cyst. It 
occupied a small region around the termination of the parallel fissure. 
Tre wound healed well. The attacks, however, returned; she has been 
reedmitted, and they have ceased on treatment. They began with the 
same visual aura, but the convulsion had become bilateral. 

= am indebted to Sir Victor Horsley for the facts of another case. 
Ar officer received a severe blow on the right side of the head in the 
hinder parietal region, which caused fits with a visual aura to the left. 
He was trephined, and laceration of the surface at the region of the 
anzular gyrus was found. 

In this connexion I may refer to the case I have already mentioned 
of tne Odessa Jewess who had a persistent visual hallucmation to the 
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left, and the traumatic meningitis on the, right side, of the brain kad 
involved the whole region of the angular gyrus. 

These cases all speak with the same clear significance. It is different 
‘from the diminution of the remaining “half-field in some cases of 
` hemianopia, which was the evidence on which I chiefly dwelt in my  * 
Manual, iff justification of the assumption in man of the higher sual 
function of the region of" the angular gyrus. The higher is the level 
of functioh, the more complex its representation may be.» We may 
hesitate to reject entirely that of which the evidence may still seem to 
be imperfect. The production of the same form of nerve energy by 
she various forms of dynamic force cannot but excite our marvel, and 
so must the difference in the effect produced m their perception. 
.Especially is this the case in vision. The processes in the central 
structures must be very complex, and may well occupy an area mcre 
extensive than we can readily perceive. 
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THE FUNCTIONS OF THE KINZESTHETIC AREA OF THE 
BRAIN. : Е: 


BY Н. CHARLTON BASTIAN, M.A., M.D., F.R.8. . 


SiNcE the date of the discussion in 1886 before the Neurological 
Socety of London! much new knowledge of various kinds bearing 
upa the question of the functions of the Rolandic region of the brain 
has been revealed. This problem 1s, therefore, now much more capable 
of -ecerving a definite answer, as evidence in regard to some essenilal 
points is no longer, as it was at that time, of a very fragmentary nature. 

In effect, if not in actual words, one of the principal questions then 
considered was whether the so-called ‘‘motor centres” of the cortex 
wee to be regarded as homologues of anterior spinal or of posterior 
spical centres. For the support of the latter position it was needfu. to 
shew that the regions in question were, in fact, regions for the registra- 
tior of afferent impressions; and from another point of view that леу 
were centres for the registration of such afferent impressions as are 
caused by movements of the body. 

Evidence of this kind was at the time very scanty, but has now been 
fully brought forward by many workers, and notably by Horsley in 
his recent very important “ Linacre Lecture” [15]. 

Three distinct views have been advanced in regard to the functions 
of this region of the brain. There ıs (1) the well-known view of 
Ferer and many others, that the convolutions of this region contain 
actaal motor centres for the production of voluntary movements; 
(2) the view adopted by myself and by Munk [25], to the effect that 
ihe -o-called “motor centres" are in reality sensory centres for the 
regis;ration of a complex set of impressions (kinesthetic) occasicned 
by movements; while, lastly, (8) there is the view of Hughlings 
Jatkson, adopted by Horsley, that the function of these convolu- 
tions is neither simply motor nor simply sensory, but is in reality 
“ sensori-motor.” 

These are three definite views; but there 1s also a very indefinite, and 
io ne meaningless, view suggested by some who speak of this region as 


! Brain, April, 1887, on ** The ‘ Muscular Sense’, its Nature and Cortical Localization.” 
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containing ''psycho-motor"' centres. This metaphysical suggestiom is 
neither helpful nor in any sense explanatory. It Will be better, theve- 
fore, to cease to use a nomenclature which is not in harmony either 
with modern pyschological ої physiologicaPscience. 

In regard to thé first view, my adverse opinion has been several 
times expmessed between 1880 [3] and 1902 [4]—-at' periods, that is, 
when both the pre-centraf and the post-central convolutions were sup- 
posed to contain motor centres. • 

The object of the present communication is rather to show that the 
second and third views are quite different from one another, and that 
they have been arrived at from a wholly different standpoint, depending 
mainly upon opposite views concerning (a) the nature of “ muscwar 
sense" impressions, and (0) their seat of registration in the brain. 

It seems needful that a statement to this effect should be mede 
owing {о the fact that Horsley in his recent lecture, while favourmg 
the name of “kinesthetic area” applied by me to this Rolandic 
region, strangely enough seems to think that my view is identizal 
with that of Hughlings Jackson, as the following quotation will show 
([15], p. 125) :— 


“Tt is time that yet another protest should be raised against the expression 
‘motor area’ as untrue scientifically, and, like many other unfortunat-ly 
convenient expressions, so misleading as to hamper the progress of knowledge. 

"Dr. Bastian's much more logical expression ‘kinesthetic area’ has, 
unfortunately, not found general adoption, and yet. попе better expresses fhe 
fact that there is no such thing as a purely motor centre in the cortex cerekri, 
the whole structure being, ın Dr. Hughlings Jackson's language, senscri- 
motor, or a combined mechanism for the record and execution of afferent ала 
efferent nerve ippulses." ' 


This quotation, with what follows, gives some indication why Horslsy 
adopts the ''sensori-motor" view, seeing that, as a reason against tae 
expression ''excitable" area also often used, he speaks of the visval 
area on stimulation giving “motor, that is: efferent, results on stimub- 
tion," though he apparently, in the main, relies upon an @ priori dictum 
of Hughlings Jackson, as we find him saying ([15], p. 126) :— Я 


“The true method of regarding the anatomical constitution of the cortex 
cerebri should begin by accepting the principle first enunciated by Hughlinzs 
Jackson from the consideration of the nervous system from the evolutiona-y 


! When I mtroduced the word kmesthesis (* ТЬе Brain as an Organ of Mind,” 1850, 
p. 543) 16 wasas an equivalent for “sense of movement,” from xwéw to move and aleüg-is 
sensation, and it has never been used by me in the sense umplied in the above quotation. 
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-3ancczint—namely, that every centre іп the nervous system must be sensort- 
- М 
motor 


-ather of these reasons, «however, appeals to me. The а priori 
neoe tical dictum of Hughlings Jackson seems to me entirely unprovèn, 
and ideed at variance with well-known facts. If ıt is meant that 
х ser ory centre never exists without being im connexion with a motor 
еп ~, and, vice versa, I entirely agree; but to say that every centre 
nus be sensori-motor tends, as I submit, to convey an erroneous 
Jmpression, because the separate components of the functional couple 
may not be contiguous, or so as in effect to form one centre; the 
senso-y and the motor parts of the couple may be, and often are (both in 
ower animals and in man), wholly separate, and even comparatively 
zeme from one another, though connected by internuncial fibres. 

OC course, the stimulus which awakens the activity of a motor gan- 
хоп or centre must come to 1 through connecting fibres from a sensory 
gzangton, centre, or knot of cells. That happens ın every reflex action. 
But »ecause the stimulus issues from a sensory centre, and is therefore 
' ef&-ent," that gives no justification for speaking of such an efferent 
3timus as “motor” апу more than ıb justifies us in regarding the 
senecry centre from which it proceeds as a “motor” centre. Yet we 
пом have Horsley speaking of stimulation of the visual area 
zivoaz “motor, that is efferent, results,’ just as in 1876, in his 

‘Factions of the Brain," Ferrer contended that cortical centres ‘‘ im- 
mecimtely concerned in effecting volitional movements” are, “as such, 
truky motor.” In each case the important point is lost sight of—that 
“ еҒєтепь” currents issue from sensory as well as from motor centres, 
and chat it has never been customary to speak of the currents issuing 
fror- a sensory centre as “motor” currents, even though it is true that 
thei ultimate result is to evoke motion. 

*ull, it is clear that the mere fact that movements сап be produced 
as = result of stimulation seems to influence Horsley in speaking of 
var cus parts as motor, when we find him saying ([15], p. 126), 
“ Va may be certain, therefore, that the more essentially motor part of 
the Einesthetic representation of the upper limb lies in the gyrus in 
fron: of the fissure of Rolando," and when we find the sole reason given 
in sxpport of this statement is that this region when stimulated is 
follzwed by specialized movements of the upper limb.* 


© “x other places also he speaks of ** the whole efferent or motor area,” and of “an efferent 
or xzctor cell," as if the two terms were legitimately interchangeable. 


4^ 


. 
Р, 


KR a é "om v 
330° ORIGINAL ARTICLES AND CLINICAL CASES 


It is true, as Bevan Lewis showed in 1878, that this pre-central gy-us 
contains giant pyramidal cells.of Betz 1n groups, and that such cells huve 
been commonly regarded, owing to their large size and to their resem- 
blance to cells in the anterior cornua of the spinal cord, as having mozor 
functions. This, however, is a most inconclusive and untrustworthy 
point ‘of view. As Horsley says, and as was originally pointed out by 
Bevan Lewis, it is an anatomical rule that such a cell " varies in &ze 
according to the'distance the ахопе has to travel in the centres system— 
Tor example, the largest pyramids in the pre-central gyrus are in the leg 
area,” while in centres concerned with movements of “the face, larynx, 
5harynx, and eye muscles, as well as part of the representation of head 
movements,” no such large cells are to be found, but only medium and 
small pyramids. Such pyramidal cells of different sizes are regarded by 
Horsley as “outgoing stations in any part of the cortex,because their 
axones pass down through the central nervous system.” That being so, 
we are in the face of valid evidence that they are “ outgoing stations "— 
that is, so many points of origin for pyramidal fibres. Such a conclusicn, 
however, in no way helps to decide the question as to the nature of 
the centre from which they proceed. On the other hand, he says, 
“the much more numerous small cells of polygonal and varying ovt- 
lines, formmg the granule layers, may be regarded as belonging to а 
mainly afferent" system; and this view of thew nature, which 
Horsley put forward in 1888, has, he adds, “ now received the adequate 
criticism of reseaich, and the receptive character of the cells may be 
considered to be established by the reseaches of Bolton, Ramon y Са}, 
Mott, Watson, and von Kappers, among many others." 

Now, as I pointed out in 1880 [5], and reinforced in 1886 in the dis- 
cussion before the Neurological Society, the experimental evidence 
cited in favour of the existence of motor centres in the cortex is 
absolutely inconclusive in face of my view that such centres are seass 


' of registration for kinesthetic impressions, when associated with tLe 


opinion also expressed as to the relation of such impressions to tle 
initiation of volitional movemerts. It was submitted that purely 
sensory centres of this type ought to give rise to specialized move- 
ments on stimulation, while, on the other hand, excision of such 
centres should produce actual paralysis—that is, just such ‘effects m 
each case as had led to their being regarded as motor centres. 


The nature of my views as to the importance of kinesthetic centres 
ir the production of voluntary movements, and the precise part which 
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-hey play, have been fully expressed elsewhere [6], and need now be 
:nly briefly referred Yo. 

-lany simple voluntary movements, as we know, occur with all the 
rapidity and ease that characterize so-called “ ideo-motor " movements. 
At cther times our voluntary actions only take place after more or less 
“om plicated preliminary processes of deliberation or weighing ef metives. 
Зо that, as Hartley long ago said [13], “ Те Will is, therefore, that 
lesice or aversion which,is strongest for the present time"; or, as 
Wiliam James puts it [21], Volition is “the stable victory of an 
idea although it may be disagreeable, the permanent suppression of 
sn idea, although it may be immediately and urgently pleasant" 

“hus, instead of the simple passage of an impression from the 
afferent to the efferent side of а reflex spinal arc, we have in the cere- 
rum, in the case of voluntary movements, on the afferent side a wide- 
-pread activity in many regions of the cerebral cortex, resulting in 
v wore or less complex process of deliberation." So that the act of 
willng a particular movement consists essentially in a consent (after 
salancing of reasons that may exist for or against) to the occurrence of 
sucL a movement, the movement itself being at the same time mentally 
oretgured by ‘certain revived sensations—such revival representing, as 
Janes Mill [24] said long ago, “ the last part of the mental operation,” 
2 vizw which has been adopted by William James [22] as well as by 
myself.” | 

This last link in the chain of association, which is to be immediately 
Zollc wed by the occurrence of the movement, is а revival in idea (or a 
zonveption) of the movement to be executed—that is to say, a memorial 
recell, more or less unconscious, in kinesthetic and other centres, of the 
sensations previously experienced on the occurrence of such movements ; 
she revival in the case of limb movements being in visual and in kinæs- 
shetic, and, 1n the case of speech, in auditory and kinesthetic centres— 
she last and most essential portion of the revival being in each case in 
the kineesthetic centre. | 

But immediately following upon this last lnk in the chain of associa- 
tior, that is, of memorial revival, when consent is given (and no inbibi- 
iior comes into play) there occurs the outflowing stimulus from this 
sen.orv centre probably into the pyramidal cells, large or small, and 

t As to this process the philosopher of Malmesbury said. “The whole sum of desires, 


aver 10пч, hopes and fears, continued till the thing be either done or thought impossible, is 


wha we call Deliberation.” 

з Thus Wm. James says: ‘‘ Every representation of a motion awakens the actual motion 
whicn 1- its object, unless inhibited by some antagonistic representation simultaneously 
pres nt to the mind." Munsterberg has also expressed similar views. 
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thence along the cortico-spinal or cortico-bulbar constituents of the 
pyramidal tract to the related real motor centres. We should have, in 
fact, taking place here a process more complex, but otherwise similar to 
' that which occurs when a"stimulus.passés from the sensory side cf a 
simple spinal arc to its associated set of motor cells. In the case of the 
exectttion® of voluntary movements. there is great complication on the 
sensory side, for as Spinoza has said, “ Voluntas et intellectus unum et 
idem sunt"; and more or less activity of intellect must come into play 
before the outgoing stimulus’ is permitted to pass. There is, however, 
no room or occasion here for the action of motor centres—not, thar is, 
till we come to the actual execution of the movement, all the cell ind 
fibre mechanisms for which have been previously, or are being, slowly 
built up in the spinal cord and in the bulb. This latter view, concerning 
spinal co-ordination, originally taught by Volkmann and Müller, alout 
1844, has of late been strongly supported by Exner [12], Sherringion 
[27], and also by Beevor [11]. The latter, for instance, came to he 
conclusion that “all the evidence is in favour of the linkage of she 
ultimate constituents of'a movement being in the spinal cord.” ' 

‘A certain amount of cerebral co-ordination, dependent upon she 
activity of cortical sensory centres must, of course, be called. into play 
in learning new movements. And by brain activity we habitually 
regulate the force, the rapidity, or the combinations of movements which 
are organically represented’ in the spinal cord, so as to make our 
actions precisely accord in quality with the aims conceived. 


Now, as already intimated, when the discussion took place in 1836, 
and subsequently, it was denied by many that valid evidence was forsh- 
coming for the existence . of sensory functions of a kinesthetic, or, 
indeed, of any other type pertaining to the Rolandic convolutions; end 
yet for the establishment of my view it was, of course, most importent 
to show that such evidence did exist. I showed that the experimental 
avidence could be explained just as well in accordance with my interpre- 
tation of the functions of the Rolandic area, as with the view that it 
sontained motor centres. But that wags not enough, the proof of the 
existence of sensorial functions was for me all-important. Now, hcw- 
ever, through the prolonged investigations of Horsley and many others, 
:ncluding Mills, Ransom, Mott, Campbell, Brodman, Bonhoeffer, and 
Cushing, there is no further 'room for doubt on this subject. Horsley, 
‘while referring to the conclusions of the other workers above mention sd, 
says in regard to his own investigations ([15] p. 197) :— 
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“ Every lesion in this region in man that I have seen during the past twenty- 
cour years has served to confirm Bastian’s and Munk's mode of regarding 
sere ral function.” 

This uniformity of result is probably $n part attributable to the 
extreme care and judgment with which Horsley conducted his tests for 
she sensory defects in question. He has come to the conqjusion, for 
:nst ınce, as he tells us, that “the sensory representation of the upper 
-imb extends over a wide area of the cortex—namely, at least both 
Rolzrdie gyri." 

Thus, the final evidence needed to support my view and that of 
Muak is now forthcoming—namely, that the kinesthetic area is an 
agg-egate of purely sensory centres, and that the cortico-bulbar and 
зотЕсо-зрта] fibres which issue from pyramidal cells in the pre-central 
gyras (or elsewhere) are simply internuncial fibres for the conveyance 
of eppropriate stimuli to true motor centres in the bulb and in the 
spira! cord)! Whenever impulses pass from sensory to motor centres 
the> must pass through such internuncial fibres, and, of course, every 
sen: ory centre, whether it be in the brain or in the spinal cord, must be 
in lation not only with afferent but with efferent fibres? 

And as regards the centres themselves, situated in the kinesthetic 
arez, they are believed by me to be the seats of registration of complex sets 
of efferent and habitually associated impressions, such as must always 
stream up to the brain when this or that part is in motion—impressions 
from muscles, tendons, ligaments, articular surfaces, and skin, which 
teg2ther are spoken of as kinesthetic impressions [7]. Such centres 
must be brought into intimate functional relation, not only with visual 
anc auditory, but also with others, for the initiation, in ways already 
referred to, of all our innumerable muscular movements; while the 
ner;cus mechanisms concerned with the actual performance of these 
cor-elated muscular actions have been shown to be situated in the bulb 
anc in the spinal cord. 

lam quite prepared, therefore, to say with Victor Horsley that the 
pyiamidal cells, large and small, probably constitute the “outgoing 
staicns” of the kinesthetic area, and that the cells of polygonal and 


! T nave always used the term ‘‘internuncial ” for fibres connecting sensory with motor 
cente, reserving the term ‘‘ commissure” for the connexions of centres of like kind, either 
sensory or motor. 

«Ir bis valuable work on ‘The Localization of Cerebral Function" (pp. 105 and 205), 
A. V. Campbell adduces two main 1easons against the views here adopted: (1) The absence 
of e iCence that lesion of the pre-central area is alone adequate to produce ‘‘ paralysis of the 
muscular sense”; and (2) the existence of anatomical evidence that muscular sense-impres- 
siors ure first conveyed to the post-central area of the cortex. Both these objections have 
now been nullified. 
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varying outline may in the main be "receptive" elements. But if as 
he has shown, the Rolandic gyri are centres for Afferent impressicns, 
I must altogether demur to the propriety of speaking of the pyramilal 
cells as “ efferent or motor @ells,” and of ће particular part of the a-ea 
in which they are situated as an “‘ efferent or motor area.” | 

Te argue that groups of cells have motor functions merely becaase 
stimuli issuing from thefh evoke movements when they impinge upon 
motor ganglia,is quite on а par with the argument that an organ has 
sensory functions because fibres come to it from sensory cells, as Fov lle 
and others originally contended in regard to the cerebellum. 

Horsley uses the language before mentioned, and speaks of 
ihe whole kinesthetic area as a ‘‘sensori-motor” region apparently 
in part because he would seem for the moment to lose sight of -he 
fact that every sensory centre must have efferent fibres, but mainly 
because he appears absolutely to accept as true the a priori dictum of 
Hughlings Jackson that “ every centre in the nervous system must be 
sensori-motor." This doctrine has also been accepted by others; but, as 
already intimated, I venture to think it can be shown to have a mersly 
speculative basis, and to be, in fact, at variance with mueh existing kncw- 
ledge. That a sensory centre never exists which is nof in relation wth 
à motor centre, and that a motor centre never exists without being in 
connexion with a sensory centre, is a trwsm ; but that is quite different 
оњ the dictum to which Horsley gives his adhesion. 

It is, of course, true that parts of the kinesthetie area are ''oat- 
. going" stations, while other and much wider regions are “ receptiv:” 
stations, partly perhaps lying above the former, and partly more fuly 
occupying other contiguous regions. The outgoing, or so-called “ moto," 
stations have been shown by Sherrington and Grünbaum (whcse 
observations have been confirmed by Page May and Gordon Holmes, 
and by others working in different ways) to be mainly, though perhsps 
not wholly, limited to the pre-central gyrus. Other portions of tne 
kinesthetic area are now held, on clinical evidence, to include the bases 
of the three frontal convolutions (the so-called ''eupraxie centres" of 
Liepmann), as well as the post-central gyrus, and possibly portions of 
the parietal convolutions. 

When we consider the enormous importance of the, kinæsthe-ic 
centres for the initiation of all the movements of which we are capab-e, 
it is easy to understand why the receptive and co-ordinating portions of 
these centres, should be so extensive ; while, on the other hand, it seems 
equally clear that there must be definite regions from which the emissive 
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=bres are to issue. Whether, however, such fibres are to issue frcm 
many parts of the general centre, or whether only from some defin:te 
port ons of it (as is mostly found to be the case), cannot be considered to 
ve a point of any importance жа its bearing*upon the general question 
concerning the nature of the functions carried on in this region of the 
cortex. | ° . 

It becomes needful now to endeavour to discover the redsons tkat 
nave led Hughlings Jackson to adopt not only his before-mentioned 
view that “every centre in the nervous system must be sensori-motoz,” 
but that ‘ mental operations in the last analysis must be merely the 
subjzctive side of sensory and motor substrata” [16]. This inquiry is 
especially needful because the doctrine that motor centres exist in the 
cere»ral cortex is undoubtedly traceable to his teaching, and was started 
cs & sequence of his acute and masterly clinical observations on certain 
forn s of convulsion (now named after him), together with his conclusion 
shat they were due to “discharging lesions" in portions of what he 
zerm-s “the middle level of evolution.” Не says [17], “ І supposed the 
»artceular parts diseased to lie within the region of the middle cerebral 
arte-y,” so that, as Hitzig said in the second “Hughlings Jackson 
Tec ure” [14] :— 

‘ By referring the convulsions to such centres he argued the existence of 
motcr centres in the brain, and even told to a certain degree what their position 


vas defore physiological research was able with certainty to prove where they 
vere.” 


Subsequent speculations on the evolution of the nervous system ied 
JacLson to formulate some very definite hypotheses which may best 
be given in his own words. He says ([18] p. 65) :— 


' The Rolandie region of fhe cortex cerebri and the prefrontal lobe are the 
mole; provinces of, respectively, the middle and highest levels [of evolution]. 
те In what follows it 15 to be understood that the unit of constitut:on 
of the whole nervous system (not excluding the highest level, the so-called 
* meatal centres’) is sensori-motor; and also that in the middle and highest 
“eves, at least, the so-called motor provinces are only chiefly motor, and the 
sensory provinces only chiefly sensory.” 


“hese views are, as І have said, of the nature of speculations or 
3ypotheses, and, so far as І am aware, there is no positive evidence that 
san be adduced in favour of what he says concerning the existence of 
motor centres in the prefrontal region, and only, as we have seen, most 
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questionable and inconclusive evidence for the existence of motor centres 
in the Rolandic region—his so-called “ middle level’of evolution.” ! 

In regard to hus view that every centre in the nervous system must 
be *sensori-motor, facts of a clearly contfadictory nature have alreedy 
been referred to; while an altogether opposite interpretation of the 
clinical af experimental evidence upon which the supposed existence 
of motor centres in the Rolandic region had been based has been given 
and several times repeated since 1880, when this subject of the supposed 
existence of motor centres in the cerebral cortex was pretty fully cis- 
cussed in two chapters of my book, “ The Brain as an Organ of Mind" 
namely, that on “Will and Voluntary Movements” and that on 
+ Cerebral Mental Substrata.” 

Jackson, however, in the face of the objections alleged, has been 
content merely to reiterate his speculative views, without attempting to 
produce actual evidence in support of them or to refute adverse 
criticisms.” 

There remains for consideration, however, the important question 
whether it is true, as he affirms, that “mental operations in the last 
analysis must be merely the subjective side of sensory and motor 
substrata.” What is the basis for such a belief ? 

We may freely admit with him that the main elements of that part 
of mind known as intellect is carried on as “© visual and tactile ideas and 
words” [18]. 

Then, again, it is undoubtedly true that the impressions coming from 
every one of the “special” sense organs are, in part, dependent for their 
various combinations upon the movements of such organs and of the 
parts in which they are situated. For this as well as for other reasons 
the connexions existing between the visual perceptive centre and the 
kinesthetic centres must be peculiarly intimate for the initiation of all 
movements of limbs; just as, in the case of the complex movemeats 
concerned in articulate speech, their promotion is dependent upon the 
regulative activity of combined auditory and kinesthetic centres. 

Now, however, comes the all-important question in reference to these 
views of Hughlings Jackson. Is it or is it not true that muscular 
sense impressions are, as Bain put it, “ concomutants of the outgoing 





‘In regard to his ‘highest level" in the prefrontal region he has said [-9]: 
“I admit that this part of my scheme is very hypothetical; and I do not 
suppose that there is so decided an anatomico-physiological difference between the 
motor provinces of the highest and middle levels as there is between those of the micdle 
and lowest levels." 

2 See his contribution to the discussion from the presidential chair in 1886 (Brain, April, 


1887, p. 107). . 
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current" ? Ате we to believe, with him, that “the sensibility accom- 
paying muscular movement coincides with the outgoing stream of 
nervous energy, and does not, as in the cgse of pure sensation, result 
from any influence passing", inwards by the incarrying or senaftive 
nerves "? [1]. 

This view has never been accepted by ng, and I had some contro- 
versy with Professor Bain on the subject in The’ Fortmghtly Review 
in 1€69, which was followed by an article “ On. the Muscular Sense and 
on the Physiology of Thinking” [9], in which this question was gone 
into as fully as then existing knowledge permitted, with the result that 
much evidence was adduced against Bain's view. On the other hand, ` 
Jackson has always sympathized with this doctrine; and when we look 
to the way in which it was developed by. Bain, it becomes easy to 
see come at least of the considerations which must have influenced 
Jackson in’ arriving at his Deforemensioned view concerning the 
ultimate nature of mental operations. 

Eain, for instance, says that “a suppressed, articulation is, in fact, 
the material of our recollection, ‘the intellectual manifestation, the idea 
of speech”; while Hughlings Jackson has habitually spoken of the ideas 
of words as “ motor processes." Then, again, we find Bain saying [2] :— 


“Tn all that regards visible movements and visible form, the muscular con- 
sciousness, it is now contended, is the indispensable element, the optical sensa- 
tions merely guiding the movements. Naked outlines as the diagrams of Euclid 
апа зе alphabetical characters are, to say the least, three parts muscular and 
one part optical.” 


But when we recollect that, in Bain’s view, muscular sensations are 
realized only in motor centres, we can easily understand why Hughlings 
Jackson, as a believer in his doctrines, should urge, as he has done, that 
* mental operations in the last analysis muk be merely the subjective 
side 5f sensory and motor substrata.” 

On the other hand, in the light of opposite views concerning the 
natu-e of muscular sense-impressions, such a statement would receive no 
support whatever, seeing that, in accordance with this doctrine, all the 
sensations resulting from movement are afferent impressions, and as 
such are зрее in Beery centres. 

1T have provióüsiy bracketed the name of Wundt with d that of Bain as an upholder of very 
similar views; the propriety of this, however, was questioned by De Watteville in the 1886 
discussion, and I have since found that his views are not so extreme as those of Bain. While 
postulating thé existence of * feelings of ihnervation" both with what he terms internal and 


exterral volition, he now admits that the sensations of movement are due to impressions 
carried by afferent nerves (“ Psychologie Physiologique,” 1886, t. ii, p. 445). 
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It is useless now to attempt to revive this old controversy as to 
ihe nature of muscular sense-impressions. The views of Bain were 
put forward before the segsory fibres and apparatus in muscles had 
beeh discovered, and probably never would have been brought forward 
had he known of their existence. As F. E. Batten has pointed 
out, [10], it was not till 1888 that the real nature of the muscle-spindle 
became known, and not till 1895 that the final proof was given by 
Sherrington that the nerve fibres from these bodies pass*up in the 
posterior roots. Still, even apart from that, very strong evidence con- 
demnatory of the view could be and was adduced[9]. It is now, indeed, 
almost universally admitted that muscular sense-impressions, and those 
resulting from movements generally, instead of being “ concomitants 
of the outgoing current," and as such realizable in motor centres, 
are all of them afferent impressions occasioned by, and emanating from, 
the parts in movement. ' 

The different point of view that has now been brought about may be 
ilustrated by а comparison of statements made by Ferrier in different 
editions of his “ Functions of the Brain." Thus, in the first edition of 
1876, he said :— 


“ The motor centres of the hemispheres, besides being the centres of different 
movements, are also the organic basis of the memory of the corresponding 
movements, and the seat of their re-execution or ideal reproduction . . . 
Ideal movements form no less an important element in our mental processes 
than ideally revived sensations (p. 266). 


But in the second edition of this same work (1886) we find the 
author renouncing the above views (which were in harmony w:th 
those of Bain and Hughlings Jackson) as being no longer tenable. 
While still adhering to his view that in the cortex there are mozor 
centres as well as sensory centres, he adds:— 


^ 


" But whereas we have sensory ideation in and by itself, we have no ideas of 
movement apart from the sensory centres through which the activity of she 
motor centres is revealed in consciousness” (p. 436). 


Then, again, Münsterberg [26] as well as James [23] .has 
most carefully considered the evidence that had been adduced in 
favour of “feeling of innervation” and muscular sense impressions 
as “concomitants of the outgoing current,’ and they have both 
come to the conclusion that there is no real evidence in support of 
either of these doctrines. James has, moreover, specially considered 
“The Ambiguous Import of Eye Movements ([22] pp. 234-37) 
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in reference to these problems, and finds nothing there to shake 
the general consensus of evidence, although  Hughlings Jackson 
anë L. Paton have recently opened up à discussion of this question 
upcr the basis of “Some Abnormalitt®s of Ocular Movements" 
[2CL І cannot, however, consider that the evidence on which they 
rely їп one special case is either unambiguous or capables of in any 
was weakening the general evidence against? the doctrine which they 
faverr. : . 


, The views to which I have arrived are therefore, as will have been 
seer wholly different from those of my friend Dr. Hughlings Jackson. 
I бс not regard all nerve centres as "sensori-motor," as Horsley 
impies; I do not believe that motor centres of any kind exist in the 
cerekral cortex; І do not believe that conscious ideal recall ever takes 
place in any motor centre; nor can I therefore agree that “ mental 
ope~xtions in the last analysis must be merely the subjective side of 
sen cry and motor substrata.” І am driven to believe that the doctrine 
of Ё ір concerning the muscular sense is altogether unfounded, and that 
wita it should vanish what alone could afford a positive basis for the 
docame of Hughlings Jackson, to which I have last referred. 

Erom my point of view, as I said in 1880 [8] :— | 

“The cerebral cortex is to be regarded as a continuous aggregation of inter- 
lacea.‘ centres’ towards which ingoing impressions of all kinds converge from 
various parts of the body; here they come into relation with one another in 
varios ways and conjointly give'rise to nerve actions which have for their 
subpstive correlatives all the sensations and perceptions, all the intellectual and 
all -ke emotional processes which the individual is capable of experiencing. , 
Frox these terminal and complexly related ‘end stations’ for ingoing currents 
and xom certain annexes in connexion therewith outgoing currents 15500. . 
The-ian on which nerve centres generally are constructed, of whatsoever grade, 
males it essential that the stimulus which awakens the activity of a ‘motor’ 
gangl on or centre shall come to it through connecting fibres from а sensory 
gangl-on, centre, or knot of cells—that 15, from cells which stand in immediate 
relazion with ingoing fibres." 

= do not therefore think-that the kinesthetic centres in the cerebral 
cortex are any the less worthy of the name 'of sensory centres, simply 
bececse their emissive or outgoing fibres pursue a long course in a 
dowrward, rather than in а horizontal or upward, direction, and are 
fourc to be embodied in the “ pyramidal tract.” ' And, apart from their 
:mportance in regard to the initiation of voluntary movements, they 
have an importance of a different kind, since their impressions enter 
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inextricably into a large majority of our mental processes, as widely 
and as inextricably, i in fact, as the assumed “ motorfsubstrata" of Bain 
end Hughlings Jackson were deemed by them to be intertwined with 
what Bain distinguished as ‘passive,’ sensibilities.” 

I have further expressed the view that “motor substrata” really lie 
eltogether ®utside the domain of consciousness ([5] p. 599.) 


ө 

& Motor, centres, wherever they may be situated, are parts whose activity 
eppears to be wholly free from subjective concomitants. Мо * ideal" répro- 
ductions seem ever to take place in such centres; they sre roused into 
activity by outgoing currents, and, so far as we have any evidence, the induction 
m them of molecular movements which, immediately afterwards, issue through 
cranial and spinal motor nerves to muscles are simply physical phenomena. 
These processes are as free from subjective accompaniments as are the actual 
molecular processes thereby’ induced in the muscle itself. It is the altered 
condition of the muscle thus induced, and of contiguous parts as occasioned 
by the movement, which together engender a body of ingoing impressions, the 
terminus for which is the kinesthetic centre.” 


Whenever psychologists and physiologists generally may, lie 
James, Miinsterberg, Ferrier and Ross, come to hold opinions of this 
kind in regard to the absence of any immediate psychical accompaniment 
resulting from the activity of motor centres, it will soon be more widely 
recognized that there is not the slightest need for postulating the exist- 
ence of “motor” or of “ sensori-motor " centres in the cerebral cortex. 
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e CHAPTER I.—INTRODUCTION, 


TEE observation made by my.teacher, Professor Petrén, some years 
ago that certain cerebral lestons—viz., thdse of cortical origin—may give 
rise to а paralysis without the tendon reflexes necessarily being increased 
induced me to undertake the following investigation. On jis ;initiative 
I nave attempted to investigate this conditién on a larger material. It 
was gssuged that this peculiarity of cortical lesions depended on sensory 
disturbances, more especially of the muscular sense. I have been unable 
to confirm this hypothesis, but the question led me to a closer study of 
the sensory disturbances that-result from cortical lesions. The aim of 
this investigation is to study in detail on a large miaterial the symptoma- 
tclagy of focal lesions situated-in the neighbourhood of the Rolandic 
fissare. І have devoted special attention to the sensory disturbances 
and, with regard to motor symptoms, to the presence or absence of spastic 
phenomena. I have similarly analysed a number of cases with capsular 
lesions—twenty-six in all—but as our knowledge of these is far more 
complete than is the case with regard to the symptomatology of the 
ecrieal lesions, I will not burden this paper with an account of them; 
tkey are chiefly of interest for the sake of comparison. ` 

In the first place I shall describe the methods employed for the study - 
of sensory disturbances, which were on the whole similar to those used 
bz Professor. Petrén at this clinic. The notes of my cases, with special 
remarks, will follow, and Iwill then give a summary of the symptoma- 
tclogy of the sensory’ disturbances that result from cortical disease. The 
farms of sensation which I have investigated are tactile sensibility, the 
sense of superficial pain, the power of localization, and the muscular 
sense, especially the perception of passive movements. On the other 
hand, I have been compelled from practical reasons to neglect the sense 
o` temperature, and I have not dealt with the more complicated functions 
sich as stereognosis, &c. My ‘observations were made on eighteen cases 
о? cortical lesions, six of which have been examined post-mortem, and, in 
tve of these, serial sections of those parts of the hemisphere which could 
come under consideration were studied microscopically. In the remain- 
ing twelve cases of monoplegia the diagnosis of a cortical lesion was not 
confirmed post-mortem, but I consider myself justified—with the support 
of Marie and Guilliain and others—in considering the localization of the 
lesion above the internal capsule sufficiently certain to draw conclusions 
vith regard to the symptomatology of supra-capsular lesions. The study 
o£ my material has led me to conclude that certain differences in the 
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disturbance of sensibility exist between cortical and capsular lesions, and 
that these differences occur so frequently that some practical importance 
can be attached to them. 

I shall devote the next part of this paper to the question of the 
localization in the cortex of motility and the various sensory functions. 
In order to approach this question more fully I have tried to collect from 
the literature serviceable cates with an affection in the neighbourhood of 
the central convolutions which were confirmed by examination after death 
or during an operation, and cases of traumatic i injury in which the site of 
the lesion could be safely assumed. With the support of these cases 
and the experimental physiological and histological brain-research of 
later years, I have tried to draw conclusions with regard to ће cortical 
localization of sensation and motion: | 

On one point these researches permit us to draw a definite con- 
clusion—viz., that the sensory and motor localization cannot coincide; 
one can conclude with certainty that motility is localized solely 
in front of the suleus centralis and solely in the anterior central 
gyrus: whereas sensation, on the other hand, is localized solely 
behind the sulcus centralis, or more strictly to the gyrus centralis 
posterior, and at least to a part of the parietal lobe. I have поз 
been able to arrive at any further definite conclusion as to the localiza- 
tion of sensibility, neither with regard to the extent of the sensory pro- 
jectory area, nor to the localization within the same-of the various 
sensory functions. 

The last chapter of my paper deals with certain motor disturbances, 
especially the condition of the reflexes, in connexion with cortical lesions 
Marked increase of the reflexes, as well as the typical late contracture, 
have been absent in my eighteen cases of cortical lesion, in spite of the 
fact that the lesions in several of the cases were so old at the time of 
observation that a contracture ought to have set in if the cases were in 
this respect like the capsular ones. This important difference between 
capsular and cortical lesions does not seem[to have received notice in the 
literature of recent years, though, as a matter of fact, this point did 
not escape two French clinicians of the earlier half of the eighteenth 
century, Rostan and Durand-Faxdel. 

The cases on which the following-investigation is based have been tc. 
a large extent (viz., Cases I., V. to VIIL, X., XL, XIIL, XV., XVII. to 
XXIIL) observed at the medical clinic of the Academical Hospital of 
Upsala, and I am indebted to Professor Petrén for the, large material 
which in this way has been at my disposal Through the kindness of 
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Dr Wilkins, head physician of the medical part of the workhouse 
hospital in Stockhelm, I had the opportunity of examining a number 
of cases of hemi- and monoplegia. Several of the cases examined there ` 
are recorded here, viz., Cases П. to IV., De., and XIV. Cases хп. and 
XVI. were seen in private practice. я A 
In the following “pages the Roman numerals (X., &g) indicate 
refsrences to my own cases, and the  ordenary nunierals references 
to the Bibliography. . 5 А 
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I need. nol dwell upon the examination of motility, as this essay 
is shiefly concerned with the study of disturbances of certain sensory 
functions. : 

The functions which have been made’ the subject of a closer 
stcdy are the senses of рап and- touch, the power.of localization, 
the perception of passive movements, and lastly, in some cases, orienta- 
tion in space. 

Tactile sensation has been tested enis by finger-touch and partly 
by cotton-wool touch, the latter method being very suitable for the 
de:ection of a slight degree of impairment, as has been pointed out by 
Fr. Muller. It must be-remarked, however, that old people and persons 
wih a rough skin may be unable to appreciate a cotton-wool touch on 
either side of the terminal phalanges, and- that this “ impairment ” of 
sensibility may extend over the greater part of the palmar surface of the 
hand. With this very simple method one is able to obtain some idea of 
ih» intensity of the disturbance present; but, unfortunately, this cannot 
be expressed in numbers. No quantitative method of testing tactile 
seasation suitable for clinical purposes is mentioned in the literature. 

My investigation of the sense of pain has been limited to superficial 
pain sensation. This was at first tested in the usual manner by letting 
th» patient say whether he was being touched with the head or the point 
of a pin, but I soon found that this method was not sufficiently accurate 
to exclude minute disturbances. I have consequently tested, as far as 
pessible, the superficial pain sense quantitatively. 

Methods for the quantitative examination of the sense of pain have 
been invented by several investigators, such as Bjórnstróm, Mocut- 
ckowsky, Bechterew, Thunberg, and others. The instruments I have 
used are an algesimeter constructed by Thunberg, and the modification 
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of the same by Alrutz. In the case of Thunberg’s algesimeter the 
stimulus is applied by means of a pointed needle, e4, (fig. 1), which is 
‘placed at right angles to, the skin, whilst the part to be, tested lies 
strictly i in the horizontal plam. The needle is suspended from a light 
lever, B, which can be accurately equilibrated by means of a counter- 
weight, С. (By placing weights at different distances from the needle, the 
pressure exerted can be vamed. The lever is supported from beneath by 
means of an arm, H, attached to the handle F, and in its lower part bent 
at aright angle, and is thus prevented from sinking when the weights 
are put on. 

The effect of ihe stimulus exerted by the needle is smashes’ not 
only by the weight but also by the nature of the pomt. On the other 
hand, the velocity with which the needle ‘is applied is of no consequence 
when using Thunberg’s instrument. The blunter the needle, the greater 





Fig. 1. 


must be the weight to reach the liminal intensity of painful stimulation. 
The sensation of touch following a ‘minimal stimulation of the pain 
sense is stronger when using a coarser needle, whereas the ‘itching 
sensation that comes on later is more marked when finer needles are 
used. When the area of the point measures 0'001 — 0°0001 mm», the 
liminal intensity of stimulation remains nearly constant, and as the 
usual sharp-pointed needles to be had in the market have points of this 
size, the effect of the stimulation depends exclusively on the weighi. 
Tae method is therefore based on measurement of the _ pressure 
needed. 

By means of Thunberg's algesimeter the liminal iniensity may be 
determined with the greatest accuracy on all those parts of the body 
where the size and form of the instrument, which is unquestionably 
somewhat inconvenient, does not prevent is use. The necessity of 
placing the instrument at right angles to the horizontal part considerably 
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hampers its employment in topographical determination of sensibility to 
распа, especially in patients affected with contractures. 

These difficulties are avoided by using Alrutz’s modification of the 
apparatus. In this algesinteter (fig. 2) the upper end of the needle is 
attached to a coiled spring, which is drawn dut when the needle is 
pressed against the skin. By setting the Spring, the stréngtlf of the 
stimulus can be varied; this is effected by "means of a screw. On thé 
scele, the weight acting on the needle is indicated, expressed in 
grammes. The area covered by. the point of the needle is 0°001 mm’, 
and ihe pressure exerted on the needle may be varied between 2-6 grm. 
in the usual instrument. The chief advantage offered ру this apparatus ` 
is 3ke independence it gives with regard io the position of the surface of 
ths skin to be examined. Ор the other hand, the determination of the 
limal intensity of stimulation is less exact than when using the 
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apparatus of Thunberg, and the quickness with which the needle is 
applied to the skin influences the result obtained with the algesimeter of 
Axntz. Further, it has seemed to me advisable to reduce the minimum 
pressure, a weight of 2 grm. being excessive when testing certain parts 
of the skin, such as that of the face, and especially the forehead, render- 
ing it impossible to demonstrate in these parts a minute alteration of the 
pkysiological liminal value. In spite of these objections to the algesi- 
meter of Alrutz, it is superior for clinical use to that of Thunberg, and 
foz that part of the body on which. my investigations were especially 
made—viz., the upper extremity—it has proved very convenient.’ 

The liminal intensity of the stimulation of pain sensibility on different 
peris of the skin has been repeatedly the subject of investigation, espe- 
cially from a clinical point of view. As, however, the methods employed 
аз based upon different principles, it is evident that the results obtained 


! Тһе algesimeters'of Thunberg and Alrutz may be “obtained from the instrument- maker 
R se, Upsala, the price being 25 and 18 Swedish crowns respectively. 
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must differ greatly. On this account I append a diagram (fig. 3) 
showing the result of an investigation with Alrutz's algesimeter on a 
healthy person—a, labourer, As will be seen, a weight of 2 grm. 
is felt everywhere on the anterior surface of the trunk, as well as 
on the head and neck, whereas on the posterior aspect of the trunk 
areas dre t® be found showing a higher liminal intensity. With regard 
to the upper extremity, 2 grm. are perceived everywhere, except around 
the olecranon and on the hand. On the palmar aspect not even 6 grm. 
are, aS а rule, perceived. Оп the dorsum of the hand the individual 
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variations are very great ; but I found constantly, as did Mocutchowsky | 
with his method, that the liminal intensity was higher towards ' 
the ulnar side of the hand. This is of great importance when 
we have to determine whether impairment of painful sensations really 
does exist or not on any part of the hand. I append some diagrams of 
a number of similar investigations (fig. 4). On the dorsal and volar 
surfaces of the fingers the sense of pain was less sharp than on the 
surfaces opposed to each other according to the method I have used. 
‘On the lower extremity the liminal intensity varied a good deal, even 
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left nervus radials some years ago. 
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This patient has suffered from a compression neuritis 
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in the more proximal parts. Specially noteworthy is the fact that on 
the outer surface of the thigh and over the patella the liminal intensity 
even exceeded 6 grm.; on the dorsal aspect of the foot 2 grm. was as a 
гше поё perceived, but 6 giSn. was distinttly appreciated, except over 
the dorsal and palmar surfaces of the toes and over the ankle-joint itseli. 
On thersoleef the foot 6 grm. was not perceived. 

The sense of deep pain ‘was not constantly examined in my cases; and 
the same applies to the sense of temperature, the fixation of the liminel 
intensity being impracticable on account of want of aitention on the part 
of the patient. 

The power of localizing touch and pain is of great interest. This 
function, which presumes of necessity the power of appreciating a 
touch as “a sensation of locality," does not exist alone, either under 
normal or pathological conditions; on the other hand, one may well 
have a sensation cf being touched without being able to state exactly, 
or even approximately, the spot touched. As is well known, the power 
of localization varies greatly at different parts of the skin, more partict- 
larly according to the method by which it is investigated. 

When the patient has to decide whether he is being touched with ons 
or two points of Weber's compasses, the distance at which the points are 
felt double, when applied simultaneously, varies considerably in different 
parts of the skin and decreases distalwards on the upper extremity. 
If this power of ciscriminating whether one or two spots are touched 
is tested, not by simultaneous stimulation, but in such a way that the 
patient has to decide whether the touches coincide or not—+.e., on suc- 
cessive stimulation—it is found to be greatest on the distal part of the 

-upper extremity. The distance at which two points are felt double ts 
smaller when this method is employed than with simultaneous stimulc- 
tion. Simultaneous stimulation has been most employed in my invest- 
gations. 

This method has reference only to the estimation of two touches 
in relation to each other; the absolute power of localization, on the 
other hand, was tested by asking the patient to name the place where 
he has been touched when his eyes are closed, only requiring him to 
indicate it on a diagram; or a second or two after the touch he was 
allowed to open his eyes and point to the spot. The error is often 
greatest by the first method. In -this work the investigation his 
almost entirely keen carried out in the latter way. The errors of - 
the method here employed under normal conditions on the upper 

. extremity are, according to Brugsch and Schittenhelm, as follows :— 
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Finger (vola)  ... - E 0'1—015 em. 


Finger (forsum) m D 08 em. 

Hand (vola) ae x^ 5 0'5—0°7 cm. 

Hand (dorsum) ..e  ... ... © 05—08 em. 

Forearm ... at vis 5 06—0'9 cm. И 
Upper arm gue о fine А 14 em. Я : 


- have tried to study the so-called muscular sense more closely in 
my cases, shereby paying attention almost exclusively to оће of the 
fun tions generally included under the term muscular sense—viz., the 
pereeption of passive movements. І do not intend to deal with the 
physiologieal substratum on which this function is based, nor of its 
relasion to other functions of the muscular sense, such as active move- 
тегі. appreciation of position, sense of strength, &c. One might, 
however, object that as the appreciation of passive movement has 
tardy attracted the attention of the patient, its study would be on 
thar account of no importance under pathological conditions; but the 
experience from tabes has shown that a close relation exists between 
distarbances of this function and of co-ordination—a fact which proves 
its value as a clinical method of investigation. Its study has one 
adv.ntage in that it can be tested as soon after a hemiplegia as 
the psvchical condition of the patient permits a detailed examination 
of snsibihty, whereas the appreciation of active movements, the sense 
of strength, &c., demands the recovery of motility. From this point 
onwards the expression “muscular sense” is used in the sense of 
app-eciation of passive movements. 

The perception of passive movements depends partly on the angle, 
pari cn the rate of the movement; but with moderate differences in 
rate the latter factor becomes of subordinate importance (Goldscheider). 
Uncer normal conditions the smallest movement the direction of which 
can be recognized is, according to Goldscheider, in the inter-phalangeal 
joinss 0°7°—1'8°, in the metacarpo-phalangeal joint 0°4°—0'5°, in the 
swrirt-joint 0°8°—0°6°, in the elbow-joint 0°5°—0°8°, and in the 
shoilder-joint 0°3°—0'°6°. In order to measure the size of the angle 
nec saty for the perception of the movements, Goldscheider has con- 
sirusted an apparatus which can be adapted to most of the joints. 
Duang the course of my investigations I found, however, that even 
witLow this apparatus one is able to get very near the physiological 
mimmum perceptible in a number of joints by the aid of the simple 
metnod of investigation generally employed at this clinic—viz., by 
perbricing small, regular movements after having taken a firm grip 
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of the peripheral part of the respective extremity, avoiding stretching 
the skin, and asking the patient to state the sm&llest movement per- 
ceptible and its direction. As the distance between the metacarpo- 
phalangeal joint and the part of the terminal phalanx which may be - 
conveniently grasped is about 70—90 mm., the range of movement 
at this jéint, when the. terminal phalanx is moved 1 mm., is about 
0:6*—0: 8, an angle which comes very close to the normal minimum 
of .0'4°—-0'5°. To make a movement of only. І mm. is, ater 
some practice, not attended with any difficulty. When we have to 
deal with the larger joints it becomes, on account of the greLter 
length of the lever, still easier to get down to the minimum perceptible. ' 
I did not, however, succeed in this at the inter-phalangeal joints. From 
this it follows that, in the metacarpo-phalangeal and the more proximally 
situated joints, minimal alterations in the perception of passive move- - 
ments can be demonstrated, and that the absence of impairment demon- 
strable by this method entitles us to presume that the patient appreciates 
the normal minimum perceptible. 

In the case of greater'impairment of the perception of passive move- 
ment I have always tried where possible to obtain an approximate 
value of the minimum  perceptible by measuring the length of 
the lever and the distance which. its distal part has to be moved 
in order to cause the movement in the joints of the wrist, elbow, and 
shoulder to be appreciated." I have, as a rule, taken the msan 
of ten such measurements, or, when the difference between the different 
measurements has been greater, the mean of twenty. 

The “appreciation of position” is generally tested by making the 
patient imitate with the non-paretic hand the passive movement of 
the paretic one, or else he was made to move the non-paretic hand 
towards the paretic one, this latter occupying different positions. In 
my experience the former method is not sufficiently delicate to detect 
minor alterations in the appreciation of position, and-it often happened 
that I was able to detect such alterations only by the second method, 
especially when this was applied in the modification employed by Horsley 
and Slinger—viz., by letting the patient point at a glass slide divided into 
centimetre squares with the index-finger of one hand and move the osher 
hand towards the pointing finger. It deserves mention, however, shat 
in both these tests we are dealing with a very complicated functior, as 
both the sensibility and motility of the non-paretic, as well as the paretic, 
side must influence the result; it is therefore unjustifiable to compare 
- the results obtained by these methods wit those obtained on ран 
the muscular sense. 
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Horsley and Slinger varied this method in different ways when 
investigating the “ orfentation in space " under normal conditions. They 
iound tLat our ability to estimate the position of the hand varies con- 
cderably, according to its position, in relatfon to the body; that 1,15 
creater the nearer the hand is to the centre of gravity of the body, and 
-3en decreases as the position of the hand is further upwards or -oub- 
wards. Further, the precision is greater wifh the arm flexed than 
extended. In the mesial xyphoid plane the error 15 generally 1:25*—1:5 сш. 
when the fingers are at a distance from the trunk corresponding to the 
~rist-joiat. The most common form of error is in the proximal direc- 
zon. In Horsley and Slinger’s investigation this occurred about three 
~mes to every twice that the error occurred in a distal direction (this 
iorm was characteristic for the overhead position). 

In ny own investigations I have naturally not been able to vary this 
method in the same manner as the above-mentioned authorities; but I 
lave had to confine myself to making the patient move the non-paretic 
hand towards the paretic one at different heights of the mesial plane, 
тае shde being held in the sagittal plane, and vice versa if sufficient 
motility was present. 

This investigation consequently refers to the orientation in space of 
wae hands. If we may now assume that the non-monoplegic arm 
i: in possession of normal orientation both at rest and ın motion, then 
Zus method admits of a comparison between the orientation at rest and 
2comotion of the monoplegic arm when the patient is made to perform 
these mcvements alternately with both arms. 

In order to try the orientation of thé arm when moving, I have also 
тладе use of the method described by Bhx in the year 1883. The patient 
i; Placec in an easy position—e.g., sitting on a chair with his back 
resting against the back of the chair, or standing with the back firmly 
supported. The arm hangs vertically by his side, and he holds a pencil 
ia his hand. At a distance of an arm’s length in front of him and at a 
level with his shoulder a paper is fastened to a vertical board or 
Screen, and the patient 15 required to raise his arm, without otherwise 
roving, and touch with the point of the pencil a certain spot previously 
r-arked out on the paper, and then move the arm back to the starting 
position. ‘Then he is asked to repeat this test with closed eyes. This 
experiment is repeated again and again, the patient performing the 
r.ovements alternately under the control of the eyes and without their 
ad. Hash time the pencil makes a mark on the paper at the end of 
пе experiment, the distances between the fixed point and the different 
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marks are measured with a scale and the sum divided by the number of 
trials. d 

Ohrvall, who has employed this method for an investigation on 
exercise and fatigue, found it extremely fiseful. But as an evident and 
early effect of exercise and fatigue is not desirable, this makes it less 
suitáble Ф a clinical method of examination. Besides he points out that 
it is not only the orientation of the arm which in this way is testec, as 
the orientation capacity of the eyes is also utilized. As it és impossible 
to eliminate this factor in a clinical investigation, it is a serious drawback 
when, as is the case in this work, one has to compare the two sides. 

The difference between” this method and the one indicated by 
Horsley and Slinger is evident. In the one case ‘it is the sense of 
position of the recorded side, in the other the orientation of the visual 
sense that influences the result, and in both cases in addition the 
orientation of recording hand. 

^ However, a severe paresis interfered so much with this investigation 
in the greater number of cases that I was unable to make use of the 
method of Blix, and I can consequently refer only to two cases, where 

the paresis was moderate, in which this method was used. , In cases of 
` paresis Horsley and Slinger’s method is easier to use than the one 
indicated by Blix. 

Finally, the stereognostic power has been tested in the OE manner, 
but in detail only, in those cases where impairment of the more elemen- 
tary functions could be eliminated. 


CHAPTER III.—Caszs. 
$ 1—Capsular Lesions (Cases I. to V.). 


I have examined twenty-six cases of hemiplegia with regard 
to sensory disturbances and spastic symptoms, increase of reflexes and 
contractures. 

A high degree of reflex exaggeration and РИ of the arm as 
well as of the leg were found in all these cases, with the exception of 
Case V., which is described below, in which spastic symptoms were 
present only in the leg. Sensory disturbances, on the other hand, were 
present in nineteen cases of hemiplegia (of which eight were verified 
post-mortem) in spite of the fact that the intensity of the paralysis varied 
considerably in different cases, and in these nineteen cases sensibiliby to 
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toucl ard pain as well as the muscular sense were affected. In the 
теша псе seven casés I was unable to decide whether sensory dis- 
tarbences were present or not on account of the psychical condition of 
tae patient. К 


Cast I.—J. L. B., aged 66, merchant. . 

С nsiderable aleoholie abuse in the past history, On March 6, ?907, quite 
well, ut next day, immediately after getting up, he noticed that the right leg. 
woulc поз support him ; parssthesie of the mght side and arm developed, the , 
right mks became paralytic after the lapse of one hour, and there was difficulty 
ir speaking. The two sides of the face were unequal. 

Оз March 7.— Wandering, aphasic. Facial paresis, right arm and leg flaccid ; 
hemi-nalgesia, reflexes of the right side absent. Arterio-sclerosis. 

Marel 8.—Still wandering in mind, but reacting on being addressed. No 
hsmienopsia demonstrable; complete paralysis of arm and leg; considerable 
degres of paresis of the right facial and hypoglossal nerves. Complete hemi- 
analgzsia as before. and marked hypalgesia also of the left lower extremity. 

Marcl. 11.—Understands spoken words perfectly. Paralysis as before. 
The enalgesia is found to extend to the “healthy " side, at least on the trunk, 
for a listunee of about 2cm. Total disorientation with regard to the position 
о” the arm and leg. : 

Marcel. 21.—The analgesia of the right side of the face diminished, but 
d.stimos impairment still present laterally; on the trunk deep, pricks are 
abpresiated near the middle line but not laterally; the analgesia of the arm 
and leg still complete. Hypalgesia of the left leg and foot remains.  Patellar 
r flex.increased ; Babinski’s sign on the right side. Triceps and biceps reflexes 
still &osent. 

Avril 1.—Paresis of the face and tongue diminished. Paralysis of arm and 
lcwer extremity.  Appreciates deeper pricks all over the face and trunk, but 
less d.stiretly laterally; on the right upper arm and thigh deeper pricks are 
auso flt. No hypalgesia now to be found on the right leg. Tactile sensibility 
and sense of pressure absent on the right side. Inability to localize pain in 
аша and leg, localization fairly good on the trunk. No appreciation of passive 
n.ove:znenzs of the right arm and leg. Is able to say solitary words, but the 
speeca is blurred and difficult to understand. Can read vertical letters. 

D scharged on April 4.—АҢег his return home the speech improved 
gieatkhy; .& the end of about one month the patient was able to talk pretty 
freely although still rather slowly. The paralysis remained, but sensibility 
gradually returned. 

July 29, 1908.— Speech still a little slow and somewhat blurred, but the 
putiert hes not to search for the words. No paresis of the face or tongue. 
Rotaton outwards, and adduction of the shoulder-joint can be performed 
with retry good strength, and the same applies to the raising of the shoulder; 
o her movements almost lost. Flexion of the elbow-joint pretty good; exten- 
sion muck weaker. Paralysis of the hand and fingers. No contracture of the 
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shoulder-joint ; slight contracture of the elbow-joint in the flexed ров оп; 
pronounced flexion contracture of the fingers (duringÜseveral months he was 
treated daily with passive movements). Flexion of the hip and knee pretty 
styong. Considerable contracture of the ankk-joint. Reflexes of the right arm 
and leg greatly increased. Ankle clonus.  Babinski's sign. 

Appregiates a cotton-wool-touch everywhere on the arm except on the distal 
or the two distal phalanges, where, however, а finger-touch is appreciated. On 
the leg and foot cotton-wool is appreciated everywhere, but with uncertainty on 
the toes; it is the same on the other side. Is able to @1 егеп е everywhere 
between head and point of a pin. The algesimeter of Alrutz reveals a reduction 
on the fingers, less than 4 or 6 grm. not being felt on the distal phalanges, 
and even this latter weight vaguely. On the healthy side 2-4 grm. are 
everywhere appreciated without hesitation. The after-sensations following 
deep pricks last longer and. are more uncomfortable on the right hand than on 


- the left, but one cannot speak of any real increase of painful sensation. 


Alrutz 4 is, as a rule, appreciated only in the upper part of the leg. On the 
foot the diminution is still greater. The patient differentiates well between 
touch and pressure on the right arm and leg. “Appreciation of the vibrution 
of a tuning-fork is equal on both sides. Passive movements, even minute ones, 
are appreciated in the shoulder-joint, but their direction is not accurately 
recognized until the movement has reached about 5° ог more. At the elbow- 
joint movements of extension are appreciated, even minute movement. but 
flexion not until about 10°. He records the direction of ‘movements of ezten- 
sion correctly at about 10°—15°, and flexion at about 15°—25°, regardless of 
the starting positions. At, fhe wrist and finger-joints fea are not 
appreciated until the soft parts are considerably stretched, and even then 


‘the direction is vaguely described. 


At the hip- and knee-joints even small 'movements are exactly appreciated. 
At the ankle-joint contracture does not permit more than a small range of 
movement. These are not appreciated. Large movements of the toes are not 
appreciated on the right side, but on the left side even slight movement is 
perceived. 

‘Localization of touch i is very uncertain on the hand and forearm, and without 
any regularity as regards atopognosis. On the upper arm it is fairly certain. 

There is total disorientation of the position of the right arm, he finds the 
hand only by feeling his way. At each trial he regularly, moves the left hand 
towards the place which has been occupied by the right one at the preceding 
trial (perseverance of visual impression). 

The diagnosis of a capsular lesion in this case needs no. dürfe: ТРЕЯ 
considering the total and lasting hemiplegia and the rapid recovery oi the 
aphasia present. It is not the character of the hemiplegia which is of interest 
for my investigations, but two remarkable symptoms presented by the patient— 
viz., the hypesthesia present also on the “healthy” side of the trunk and 
lower extremity, and the fact that the disturbance of muscular sense ау the 
elbow-joint was greater in flexion than in extension. I shall return to 
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thes qmiestions when reviewing in brief the symptomatology of the sensory 
«issrrbences. " 


Л т cord here three other cases of capsular lesion with post-mortem 
+ximimation; in the first of fhese the lesion also involved the thalamus 
өрсе Ialso record a case in which the projection tracts were involved, 
not in che capsule itself, but immediately above 1t. АП thesesfour cases 
эгз en.ed definite motor as well as sensory disfurbances, and in Case IL., 
m which he thalamus was involved, this sensory disturbance was 
es» cially intense. Case II. showed also slight signs of hypesthesia 
D “he lower extremity of the sound side. In the other cases it was 
evcen that the "simple" cutaneous senses were those least affected, 
— fast "o which I shall return in connexion with the sensory disturbances 
due to 2ortical lesions. 


ase II.—K. K., aged 74, had an apoplectic stroke in September, 1906, and 
ires ien weakness of the left side. р 

-anaary 29, 1907.—А considerable paresis of the left lower, slight paresis of 
-he ert upper face; the tongue deviates towards the left; paralysis of the left 
-rm. exnsiderable paresis of the left leg; nearly complete contracture of the 
amir she flexed position; contracture of the ankle-joint in the plantar-flexed 
зобі. 

Does not feel a cotton-wool-touch on the left side of the face, does not feel 
ә дъга зоцсћ or pin-prick outside a sagittal plane, passing through the outer 
orbisal angle. On the trunk a cotton-wool-touch is felt 2 to 3 cm to the left 
of -he middle line. On the lateral parts of the trunk, as well as on the 
ехгуэш:11еѕ, no appreciation of a heavy touch nor of pain. 

No snowledge of position nor of appreciation of passive movements on the 
æf sib. On the right side a cotton-wool-touch is not felt below the knee nor 
on “he zwo distal phalanges of the fingers. A somewhat harder touch and а 
rex ve appreciated and correctly localized on the right side, а certain degree 
of uncertainty as regards minimal movements of the fingers. 

Decth on March 19, 1907. 

Pus=-mortem.—An extensive old lesion occupying almost the whole of the 
nien capsule, the greater part of nucleus lentiformis, and the external and 
o" d Portions of the optic thalamus. 


Jace TTI—K. V., aged 59, apoplexy in the middle of May, 1904 ; left-sided 
jexipl gia, with increased reflexes and contractures. 

Zilwgement of the heart towards right and left, presystolic and systolic 
conenrrs and а thrill. 

"anaary 20, 1907.—Left hemianopsia: movements of the eyes unaffected. 
2gizful and tactile sensibility normal on the area supplied by the trigeminal. 
2гүзѕіє of the lower part of face. No deviation of the tongue. Almost com- 
2let» vxralysis of the left upper extremity, only a slight degree of the mobility 
of tae .houlder persisting. Passive movements of the shoulder-joint restricted. 
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At the elbow-joint contracture to nearly a right angle in the flexed position. 
Passive movements can be performed between 45° and 9@. Pronation-contrec- 
ture and moderate flexion-contracture of hand and fingers. Passive mobility of 
the wrist 45° palmarwards to 4$^ dorsalwards. „ Marked paresis of all the joirzs 
af the lower extremity, especially of the distal. Very marked contracture of the 
hip- and knee-joints in the flexed position, plantar contracture of the ankle-joint. 

No apprtciation of cotton-wool on the hand and fingers, but of finger-toush 
everywhere on the left upper extremity. Sense of pain (pin-prick) somewhat 
uncertain distally. The sense of deep pressure unaffected. Localjzation (sce- 
cessive stimulation) bad in hand and forearm. In she fingers and hands a 
considerable proximal reference ; in the two ulnar fingers, possibly also in tue 
index-finger, atopognosis in the direction of the middle finger. No alteration of 
painful and‘tactile sensibility in the lower extremity, localization good judgsd 
by verbal statements. 

Appreciates correctly even minimal movements of the shoulder-joint, and at 
the elbow-joint movements of 5° to 10". At the joints of the hand and fingers 
movements of 80° are not appreciated, and considerable degree of uncertainty 
is also shown in larger movements. No perception of passive movements nt 
the joints of the toe nor at the ankle-joint of those small movements which 
the contracture permits ; at the knee- and hip-joints exact perception of minimal 
movements. 

Death on June 2, 1907. 

Post-mortem.—Almost the whole of the caudate nucleus, the whole of the 
lenticular nucleus as well as internal capsule in its whole extent are occupisd 
by a large apoplectic cyst. The optic thalamus was not directly involvsd 
macroscopically, but on the right side was atrophic and indistinctly marked. 


Case IV.—K. V. P. aged 52. On June 1, 1896, an apoplectie stroke 
followed by total hemiplegia and marked spasm. 

January 17, 1907.—Speech slow and somewhat blurred; no aphasia. А 
slight paresis of the upper and lower half of the face on the right side; soft 
palate unaffected ; difficulty of swallowing; the position of the tongue normal. 

Severe paresis of the right arm. Active mobility of the sboulder-joint 
, through about 45°, the power being pretty good. Passive movements only 
slightly better; arthritis. Active movements of the elbow-joint of nearly full 
excursion, but the power greatly reduced. At the wrist-joint palmar flexion to 
elmost right angle and extension normal, but the strength extremely poor. 
Dorsal flexion cannot be performed actively. Flexion of the fingers remains, 
but extension is poor; the power very slight, it cannot be measured with the 
dynamometer. Severe paresis of the leg; active movements of the hip- and 
knee-joints can be performed to full excursion, complete plantar contracture of 
the ankle-joint. , 

Appreciates badly a cotton-wool-touch on the upper arm and thigh, not at 
ell on the fore-arm. Appreciates vaguely finger-touch on the hand, as well as 
on the foot and leg below the knee. No appreciable reduction of painful 
sensibility. Appreciates also a deep pressure as such on the hand. 
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Localization (successive stimulation) bad on the hand; proximal atopo- 
groB of 5 to 8 eng, greatest at the ulnar side; in addition a trace of faulty 
lczalzation towards the axis of the middle finger, likewise greatest in the two 
uinar fingers. Above the wrist the power of jocalization rapidly improves and 
beconies normal at about the middle of the fore-arm. Localization, when éested 
br tke patient's own statements, showed much greater error, and no regularity 
with regard to the errors could be ascertained; localization trieg by wsthesio- 
mele- was found reduced on the right hand; he appreciates only one point 
wher toughed on two fingers, on the upper arm, he was accurate as on the 
other side, but on the fore-arm somewhat less good. Localization on leg and 
foo: aretty good, at least when compared with the other side. Appreciation of 
pussire movements good at the shoulder-joint; at the elbow-joint the direction 
01 ш «төшеп of 15° are not appreciated with certainty, though 1° is recognized 
on П е left side, but the patient recognizes that a movement takes place, even 
wher this is very small. à 

Аъ the wrist-joint a movement of 45° is recognized as such, but the. 
appr: ciation of the direction 1s uncertain even of movements of largest possible 
rang. No appreciation of passive movements of the fingers. At the hip all 
movements are correctly recognized, but at the knee uncertainty of the direction 
o: movements of 4° to 8°. At the ankle-joint only movements of pronation 
and upination could be tested on account of the spasm; no appreciation of 
tlesc movements. 

Lassive movements of the right hand are pretty well imitated by the 
healthy one, and at the elbow-joint the error of the angle is at any rate not 
greater than the angle necessary to recognize exactly а movement on the 
right side. 

І eflexes of the right arm and leg lively ; ankle clonus ; moderate contracture 
о! tks arm, severe of the leg. 

Iosi-moriem.—4A large softening involving part of the lenticular nucleus and 
the rpper portion of the internal and external capsule on the left side. Thalami 
maeroseopieally normal. Small cysts were also found in great number in the 
antrenor part of the internal capsule of the right side, but without any softening. 
The 2asal arteries had thickened walls 


CASE V.—J. S. L., aged 18. | At seven years of age rheumatic fever. March, 
190%, polyarthritis, which improved under treatment with salicylates ; organic 
hear disease diagnosed on this occasion. On March 16 the patient was again 
t-kea ill with headache and vomiting, which got still worse on the 20th, when, 
ir addition, a left-sided hemiplegia developed. The patient remembers quite 
well that the sensibility of the whole of the left side was at first greatly 
impeired. At the end of about one month sensibility of trunk and leg good, 
that of the arm still bad. The paralysis has remained almost unaltered until 
the ast month, when the patient began to make small movements of the fingers 
aad oes. Admitted July 15. 

September 2—The patient is pale, thin, with reduced muscles. Mitral 
insuficiency. Induration of the right apex. The patient is well aware of his 
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illness, is attentive, but gets easily tired. No hemianopsia. The left naso- 
labial fold somewhat less marked than the right. The {е half of the face 
partakes less in mimi» and voluntary movements. Elevation of the shoulder 
weaker on the left side; severegparesis of the shoulder-joint. At the elbow-, 
joint movements of shout 20° can be performed, but with very little power. 
The same applies to the joints of the hand and fingers, except the thumb, which 
is paralysed. е Passive movements of the hand and fingers normal; passive 
extension of the elbow-joint fot complete; passive mobility of the shoulder- 
joint about 60". Almost complete paralysis of the knee-, ankle-, and фое-јоїріз. 
Movements of the hip somewhat better. ` ' 

In the area supplisd by the trigeminal nerve no impairment of tactile or 
painful sensibility (Alrutz). On the radial half of the hand and on the fingers 
cotton-wool is not appreciated, but a finger-touch is; otherwise no -disorder of 
tactile sensation mths hand. The sense of pain, as tested by pin-prick, showed. 
no evidént impairment. With Alrutz’s algesimeter, a weight of 2 grm., a prick 
was not felt below the elbow, the limits of the sensory loss for 4 and 6 grm. 
coinciding very nearly with those obtained with cotton-wool. On the upper 
arm and trunk no objective alteration of the senses of touch and pain, but 
the patient asserts there is much greater pain after deep pricks’ on the left side. 
On the lower extremities a cotton-wool-touch is felt everywhere except on the 
toes. Does not certainly feel a prick with 2 атт. on either foot, 4 grm. generally 
with certainty. Greater pain on the left side after pin-pricks.' 

Power of localization in the left arm above the wrist normal; below the 
wrist a touch is generally localized towards the wrist and with marked predi- 
lection towards the ulnar side. In the lower extremity the power of localization,- 
tested by verbal statements, is good except in the toes. 

Tactile discriminazion (Weber’s. compass): On the left hand and fingers two 
points are not felt until at в distance of 5 em. ; on the right side normal values. 
On the arm two points are not even discriminated at a distance of 8—10 cm. 
On the chest two points are felt at a distance of 2°5—8 cm. on the right side, 
5 em. on the left, on the abdomen at a distance of 3—4 апа 6—7 c.m. respectively. 
On the left lower extremity 7—8 сш. are necessary for the discrimination of two. 
points. On the night leg normal values. , 

Appreciates movements of the left shoulder-joint of about 5°, and recognizes 
their direction correctly at about 15°; at the left elbow-joint movements of 
10°—15° are perceived, and their direction clearly recognized at 45°, but he. 
is uncertain at 30°. At the wrist-joint only extreme movements are perceived, 
' but these are correctly described. Extreme movements of the little and ring 
fingers are likewise appreciated, but not those of the other fingers. At the hip- 
and knee-joints minimal movements are correctly estimated, at the ankle-joint 
only large ones (45°), in the toes only extreme ones. At the right ankle-joint 
even minimal movements are correctly recorded, but in the toes there is 
uncertainty with regerd to small movements. ` 

Estimation of heavy pressure and vibration showed no evident difference on 
the two sides, but there was a diminution of the power to localize these 
impressions. Biceps- and triceps-reflexes absent on the left side, knee-jerk 
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Cissinctly inereased.  Babinsky and slight ankle-clonus on the left side. No 
contracture of thetjoints of the hand or fingers. Slight contracture in the 
Нех] position of the left elbow-joint. Moderate contracture in the plantar 
flexed position of the ankle-jqint on the samè side. -On September 20 and 26 
renewed examinations, with the same result except that the perception of passive 
moxements of the right ankle-joint was somewhat less accurate than before. 

Death on November 28. А . * 

Post-mortem.—The soft membranes thickened and adherent to the brain. 
Moked mjection, especially over the lower portion of the centfal convolution 
of tae right side. The surface was otherwise unaffected. Thrombosis of the 
rigtt arteria fosse Sylvi. Ор frontal sections there was found in the right 
aemisphere immediately underneath the cortex .of the posterior part of the 
“орта convolutions and the lower half of both central convolutions a well- 
deffaed structure of darkish-brown colour and firm consistency, surrounded 
by a narrow, blood-stained zone, outside this the brain-substance showed a 
yel>wish discoloration and signs of breaking down over an area varying in size 
“rom a few millimetres to 1 сш. The lesion lay between the internal capsule 
anc the cortex of the lower half of the central convolutions immediately above 
she lenticular nucleus, the outermost segments of which were partly softened ; 
poseriorly the softening extended under the cortex of the parietal lobe. The 
leson affected to a very great extent the projection fibres of the central 
corvolutions , only а small portion of those nearest the ventricle were free from 
mi roscopical signs of softening. Cortex and superficial layers of the sub- 
corzex of the upper third of the central convolutions appeared intact to the 
nal ed eye. be 

Thus, in this the fifth case the lesion had destroyed both the cortical 
centre and the .projectory tracts for the arm, but only the projectory 
trects of the leg. Considering the extensive and intense destruction 
wi.hin the centre for the arm, I did not expect to find such a marked 
diterence with regard to motion and sensation at the ulnar and radial 
sice of the hand, a condition which probably can be explained only 
by assuming that ıt was not the internal capsule itself, where the tracts 
become mixed with each other, that was affected by the lesion. 

The fact that no spastic phenomena were present in that extremity, 
the cortical centre of which was destroyed (viz., the arm), was of 
spscial interest; on the other hand, the leg was spastic, and, though 
iss projectory tracts had been injured, its cortical centre was unaffected. 


$ 2.—Cortical Lesions (Cases VI. to XXII.) 


(a) Pure Motor Symptoms (Cases VI. to XII.) 


CASE VI.—J. H., aged 44, a farmer. | 

Taken ill in the beginning of September, 1906, with shivering and pain in 
ths chest, since then in bed. About one week later difficulty in speaking 
(“stiffness of the tongue ") and right-sided paresis. 
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On admission, September 19: General condition very bad; pale and 
‘cyanotic ; temperature 39'4 C., pulse 102; signs of right-sided pneumonia. 

Myosis on the right side. Speech blurred and slow. Incomplete hemiplegia. 
Dynamometer left hand 25, right фара 15. No disturbance of cutaneous sensa- 
tion o» of muscular sense. Knee-jerk increased on the right side. Reflexes 
otherwise normal. No Babinski. 

September 82.—No facial paresis’; the motility of the leg normal; diminu- 
tion of the paresis in the arm. ° Dynamometer right 16, left 20. The strength 
of the wrist-movements somewhat less on the-right side. The difference .is 
more marked at the elbow, where the power of extension is considerably 
reduced. The shoulder-joints also present some difference on the two sides, 
raising of the arm and abduction being weaker on the right. The movements 
of the scapula itself practically normal.  . i 

Later there were frequent and severe rigors with unaltered physical 
signs. As nothing abnormal was detected in the abdomen, and there was 





no sign of any metastatic process, it was considered probable that an abscess 
was developing in the lung. An increasing dulness over the right lung and a 
.rapid change for the worse in the general condition of the patient were the first 
signs of an empyema, which it seemed probable was perforative. The patient 
was transferred to the surgical ward. An operation showed a perforation of 
the lung and a communication between the empyema and an intrapulmonary 
cavity. Death oceurred on October 2. 

Post-mortem.—T wo empyema cavities with well-defined rali communicating 
with a cavity in the lower lobe of the lung. Two other abscesses of the lung. 

The brain: Over the middle third of gyrus centralis anterior and the adjacent 
part of gyrus frontalis medius the pia mater showed considerable injection over 
an area of about 2 cm. diameter and with diffuse borders. Corresponding to 
‘this area the brain-substance was somewhat prominent without any’ difference 
in its consistency. The hardened brain showed on frontal sections a distinct 
hyperemia of the cortex over this area. 

Microscopically, obvious changes were to be found within this part—-viz. 
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considerable hyperemia of the pia mater and cortex, and the most superficial 
rart of the subcort€x. Over an area the size of $ em. at the posterior part of 
salcus frontalis superior the pia mater was infiltrated with round cells, especially 
iu the neighbourhood of the vessels. Outside of this area small groups of 
round cells were seen around the vessels. In the most superficial part'of the 
sabcortex an early softening was visible; but otherwise hyperemia only and 
rcoliferation of the endothelium. Outside the, area of macrogcopical change 
тіпа abnormal could be seen by the microscope. 


In the case I noted a pure motor paralysis without, any sensory 
symptoms (at first hemiplegia, then monoplegia), due to an affection in 
tre anterior central convolution. Further, it must be observed that the 
r=flexes m the arm—1.e., the extremity which was the most affected— 
were normal, while the reflexes of the leg, which presented motor 
smptoms only in the beginning, were increased. 

In this case the cortical localization was confirmed by post-mortem 
examination. This was not possible in the great majority of the follow- 
Ew cases. It may appear rash to conclude, as I have done, that the 
symptoms were due to cortical lesions in these cases in which the dia- 
gnosis has not been confirmed post-mortem. Horsley and Beevor found 
їі Macacus simus that the motor bundles for different parts of the body . 
separated from one another within the genu and posterior limb of the 
riternal capsule. This fact has been generally applied to human patho- 
Exry—for instance, by Monakow [141] and Dejerine [48]. Monoplegia 
rüght consequently result from a capsular lesion. But on considermg 
the extensive area occupied by the posterior limb of the internal capsule, 
znd the not infrequent occurrence of small lesions in these parts, capsular 
tnonoplegia ought not to be rare. But, as pointed out by Dejerine 
aumself, limited lesions in this part rarely give rise to monoplegia, but, as 
„тше, produce hemiplegia. With the support of a large material Marie 
nd Guillain hold that even a small lesion in the internal capsule is 
always followed by hemiplegia, never by monoplegia. Roussy found the 

ame (n his cases 1—3) : the paralysis, though minimal, was of hemi- 
21ес1с type, as a result of small lesions ın the posterior limb of the 
znternal capsule. Marie and Guillain explain this. fact by assuming the 
': ubdivision of the motor bundles found in Macacus simius—and also in 
he dog (Franck and Pitres)—does not exist in man. A hmited lesion 
af the posterior limb of the internal capsule produces a diffuse degenera- 
ion of the pyramidal tract within the medulla oblongata and the spinal 
zord, and a limited lesion of the motor zone causes a much more exten- 
зуе degeneration of the internal capsule than one would expect accord- 
mg to the common scheme. A case of Bikeles, published last year, 
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supports this view. In this case a lesion was found which had left the 
© uppermost third of the motor zone completely unaffected. With Marchi's 
method a degeneration of relatively moderate intensity was found 
throughout the whole motor phrt of the internal capsule, m spite of the 
fact that sections from the medulla showed that the pyramidal fibres of the 
leg were not affected. Mellus (cit. Bikeles) also found that the different 
bundles of the pyramidal ¢ract were mixed witk each other in the 
internal capsule. And it seems to me that Long’s [119] twg cases of 
old monoplegia certainly point in the same direction. In one of these 
the lesion was situated in the centre for the leg, an¢ with Weigert-Pal’s 
staining, degenerated bundles could be followed to the foot of the corona 
radiata, whereas not a single distinctly degenerated 2undle was observed 
within the posterior limb of the internal capsule, but only a slight 
diminution of the mass of the projection tracts. Long’s second case 
was a porencephalitic (intra-uterine ?) cyst in the lower two-thirds of the 
motor zone, and 1n this case, too, there was no circumscribed atrophy or 
sclerosis in the internal capsule, but only a marked diffuse atrophy of 
the same. Long's statement that he has seen a case of capsular 
monoplegia—evidently Case 12 in his thesis [118 —is not altogether 
free from objection, as the patient had, at least subjectively, a sensation 
de faiblesse. 

From these facts one seems entitled to conclude tbat tbe lesion in 
the case of a monoplegia is situated not in the capsule but in the cortex. 
On the other hand, ıt goes without saying that an extensive cortical 
- lesion, as is well known, may give nse to a hemiplegia without the 
capsule necessarily being directly affected. 


CASE VII.—A. J. A., aged 68, farmer. Notes by Mr. Ahlberg. (Abstract.) 

For the last twenty years the patient has suffered from shortness of breath 
and palpitation of the heart, accompanied lately by cough. On December 27 
the sleigh in which the patient was riding was upset, and he received a slight 
blow on the top of his head. He felt no discomfort, and put the sleigh 
right himself. About half an hour after the fall he felt the left arm getting 
weaker, and at the lapse of another half-hour the hand and fingers were 
completely paralysed ; a few hours later the whole arm was useless. He was 
fully conscious the whole time, and felt no giddiness. A slight headache from 
which he had been suffering the whole day increased somewhat. Later in the 
evening he had some twitches in the paralysed arm. His condition remained 
unaltered during the next few days. , 

, The patient was admitted into hospital on January 4, 1907. 

Condition January 7-129.— Rather low. Badly nourished, wish ill-developed 

muscles. Emphysema. Peripheral arterio-sclerosis. Blood pressure by the 
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Hiva-HRoeer-Landergren apparatus 150-160. Examination of the heart re- 
vealed aortic stenosis and mitral incompetency. The urme contained traces 
of albumin but no tube-easts. 

Psychical conditions fair. Che cranial nerées presented nothing abnormal. 

Total paralysis of the left arm, muscular tension somewhat inobesed, 
especially in the flexors of the elbow. The motility of the right arm and 
tls lcwer extremities normal. 2 е " 

No disorders of cutaneous sensibility nor of muscular sense could be ascer- 
taneč. ‘he patient localized his perceptions well and estimated correctly, 
even small movements of the joints. Triceps, patella and Achillis-tendon 
relexes normal. Plantar reflex normal, abdominal and cremasteric reflexes 
absens on the left side. 

On January 8 I had an opportunity of examining the patient. His intellect 
was clear, but he was somewhat inattentive. To cotton-wool there was no 
appreciable diminution of the tactile sense when compared with the symmetrical 
points on the other side. Sense of pain (pin-priek) normal. ‘Power oi localiza- 
tion Lormal. 

Muscular sense, as far as I was able to make out, on account of the inatten- 
tion of the patient; there was nowhere—not even in the finger-joints—any 
cd:rcirution of the perception of passive movements. 

Passive movements of the left hand were correctly imitated by the 
right one. 

Discharged January 18. 

Та this case the lesion developed after a trauma, but the slow 
appearance of the symptoms, without loss of consciousness as 
weil as the slight trauma, must argue against the existence of a 
t-aumatic destruction of the brain-substance. On the contrary, the 
mode of onset of the paralysis is very characteristic for a softening, with 
us slow development, without any disturbance of the consciousness. 
This diagnosis 1s supported by the arterio-sclerosis of the patient. The 
lesion was probably cortical, considering the complete but isolated brachial 
rimplegia. — j 

No examination was made earher than a week after the accident, 
and then there was a complete absence of disturbance of cutaneous 
sensibihty and of senses of position and of movement. I was not 
abie to observe this case from the beginning, and I know nothing of 
tae condition of sensation immediately after the accident. Neverthe- 
less, this case proves that a complete motor paralysis may exist 
without any, sensory disturbance, even so early after the appearance 
cf a severe monoplegia. In this respect the following case is still 
more instructive. 

I also observed in this case a slight rigidity in the flexor muscles 
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of the elbow-joint——4.e., a small trace of a “ Frithkontraktur.” Тїз 
. tendon reflexes were, however, ‘quite normal, and Bakinski’s sign did 


not appear. 
ы е 


Case УПТ.—Е. W., aged 58, business man. 

Lues, 1879. Only one course of mercurial treatment (30 inunctions;. 
Married 189%. The wife bas had no miscarriages. Children ` healthy. 
Especially as a young man he drank spirits freely, and continued to drinx 
during his låter years. During the past year bladder trouble, with frequent 
straining and inability to commence the act of micturition. No signs cf 
stricture or prostatitis. No cystitis, according to his medical attendant. 

On March 1 at 12.30 a.m. the patient, while straining, became paralysed in 
‘the left side without any premonitory symptoms. The onset of the paralysis 
was sudden, without loss of consciousness, or even clouding of the intellect. 
Since then retention of urine. The paralysis of the leg passed off the next 
day. Entered March 3, 1907. xd 

March 3.—Apoplectic appearance, face injected, slight cyanosis. Pulsa 
regular, blood-pressure (Riva-Rocci-Landergren) 170. No enlargement of the 
heart towards the right; to the left it reaches the nipple line. The apex-beat 
not palpable. No murmur at the apex, but the aortic second sound, which is 
much accentuated and tympanitic in quality, is followed by a blowing murmur. 
No albumin or reducing substance in the urine. 

The patient quite clear, but rather agitated. Тһе speech hurried at times, 
somewhat blurred, but quite intelligible. Does not mix up words and has 
no difficulty in finding them. - ; 

Visual fields (rough examination) normal. No strabismus, pupils unequal, 
the left small, the right of medium size; they react very slowly to light and 
accommodation. Ptosis of the left eye. No sensory disturbances in the area 
supplied by trigeminus. Slight paresis of the left lower facial nerve: ` No 
deviation of.the tongue. The left shoulder-joint can be moved a little, other- 
wise complete paralysis of the arm. No evident paresis of the leg. Reflexes 
of the arm absent, knee-jerk weak. 

No impairment of the senses of touch or pain; localization of touch good. 
The patient perceives and describes correctly even minute movements of the 
paretic arm. On both feet slight uncertainty of the small movements of the 
toes. 

The motor disturbance diminished rapidly in the two proximal joints, buf 
16 still persisted in the hand and fingers, when the patient was discharged. 
There was, however, at that time no complete paralysis. “ Gesammtbewe- 
gungen" being performed, though with greatly diminished power.  Reflexes 
still absent on the arm. No signs of sensory disturbances (thermal sensibility 
not examined). Condition of pupils unaltered. Discharged May 23. 


The sudden onset of the apoplexy during straining, and the genera: 


state of the patient (face injected, cyanosis and hypertonia) indicate that 
a hemorrhage might have been its cause. The rapid and complete 
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restitution of the motility of the leg and a permanent paralysis of the 
ara. hows that thé lesion cannot have been capsular; the seat of the 
imvrr must have been in the cortex or in its neighbourhood. 

Та this patient syphilis h&d been insufficiently treated. The heart- 
symptoms of the patient indicated a disease of the aorta, perhaps an 
areurysm, and it is very probable that the vascular lesion 1n ее brain was 
dce to the same cause. His pupils as well as his urinary troubles point 
то а metasyphilitic condition. But in this case there was no disturbance 
of fhe sense of passive movement or of cutaneous sensibility, in spite of a 
ecmplete monoplegia in the arm; the localization of touch, too, was quite 
aceurate. This case, therefore, corresponds to the preceding one, and 
supp 125 the possibilty of a complete paralysis without simultaneous 
disturbance of sensibility. Further, it must be noticed that at his 
dischmige from the hospital the patient showed some power of 
"Ge ammtbewegungen,” though he was quite unable to execute 
isolated movements of the fingers. These facts indicate that these 
symptcms of cortical ataxia may appear without disturbanzes of 
sensation. 

The reflexes of the paralysed side were in this case not even so brisk 
as on the sound side, but the metasyphilitic condition that I have 
ass:u1ed may have had some influence upon the reflexes. 


Case IX.—A. S. A., aged 72, married woman. 

In she beginning of February, 1906, an apoplectic fib, dimness of vision 
towards the left; fell down. After a little while she was able to get up and 
wlx, aad the next day she could stand on her leg and move the arm. Was up 
acd about within a féw days; after that a rapidly mereasing paralysis of the 
le: side, apart from a new attack. This paralysis has gradually diminished in 
the x w. 

Јеплаху, 1907.—Mental condition good. Cranial nerves normal. Slight 
paresis 5f the left arm, most marked distally. Dynamometer left 17, right 31. 
Parasis of the leg considerably greater , still, she is able to perform all movements 
throusk nearly the same excursion as on the right side. The ordinary tests 
for ataxia reveal some uncertainty on both sides, but no appreciable ditferenee 
between thetwo hands. Some awkwardness in finer movements of the left hand. 
Voltuonal movements are on the whole carried out well, but, especially when 
tke patent is tired, with an irregularity resembling an intention tremor; this 
is mere marked on the left side. No signs of ataxia (knee-heel test; nor of 
im nzion tremors of the movements of the legs. 

Sensation of touch and pain normal in the arms, but on both legs some 
uncertainty to wool-touch. Perception of passive movements normal in the 
arcs Ти the toes slight unceitainty of the small movements on both sides. 
Р cepton of position good. With graduated dise, right hand against left — 
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In the hip-plane an error of 5—6 cm. proximally and 2—83 em. upwards. 

In the xiphoid-plane an error of 6—8 em. proximally, and 2—3 em. upwards. 

Left hand against right: a proximal error of 4—5 сп® in the hip-plane, sad 
about the same in the xiphoid- “plane. 

Ihe estimation is, however; difficult on atcount of the tremor; the exor 
most likely to result from this cause is over-estimated in the latter observations. 

The stergognostic sense intact. 


Reflexes of the leg rather brisk ; those of the arm considerably exaggerated. 
Slight planjar contracture. 


On June 6, 1907, dynamometer right 35, left 18. Result of*examinaton 
otherwise the same. The algesimeter of Alrutz showed no reduction of pain'ul 
sensibility. 

The seat of the lesion in this case was fairly certain. ‘The leg was 
much more affected than the arm; and this fact argues to some extent 
against a capsular lesion—as well as against any central injury at all. 
But, on the other hand, the greater affection of the leg is the natural 
result of a lesion which has chiefly affected the cortical centre of the leg, 
and this supposition explains the symptoms. The view that the injury 
was a cortical one corresponds very well with the nature -of the lesion, 
which, considering its slow appearance, was probably a thrombosis. 

In this case the paresis was a brachio-crural one, and was mcst 
pronounced in the leg. In the two arms there was an intentional tremer, 
but. this was more pronounced in the paretic side. In additicn, 
orientation ш space of the paretic arm was not so good as on te 
other side, a fact that I ascertained by an examination with the Horsley- 
Slinger method. Though there was some difficulty in making these 
observations owing to tremor, I could ascertain that’ the orientation in 

. space of the arm was better with movement than at rest. `» 
No disturbances of the sense of space were observed .by the uscal 
. methods either in the leg or in the arm. 

In the absence of disturbances of sensibility, despite disturbances of 
motility, this case corresponds very well to preceding ones; but ıt is not 
as satisfactory as these, as there may have been some disturbance of 
sensibility at first which disappeared, as a rather long time had, elapsed 
after the stroke. The disturbance of orientation in space, despite the 
fact that the sense of position and of movement, as well as stereognosis, 
were intact, was remarkable, and in this respect this сазе diverges frcm 
that which follows it. 

The, reflexes in this case were кран. аз 15 usual with 
cerebral lesions, but they were greater in the arm, which was tae 
-less paralysed. As in a diffuse cortical or subcortical lesion, the g 
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recevers its motility, as а rule, better.than the arm-—the centre of the 
arm. саша not have been so much affected as that of the leg 1n this case. 
Diszase of the artery that supplies the centre for the leg—.e., arteria 
cerzbri anterior, which in this case was wiéhout doubt the seat of the 
mjery—affected the centre of the arm only indirectly. I assume, there- 
- fore, that there existed. a direct lesion of the leg centre, but only an 
ind rec; one in the arm centre. 

In this case, too, I found à slight plantas flexion puluis As 
the pasient was not, however, properly treated for some time after the 
lesion, this contracture was very likely a passive one from the beginning, 
as There existed no contracture of the femoral muscles. 

“In this case-an intention tremor was also observed, which appeared 
after Ше’ apoplectic fit, and may be regarded as a post-hemiplegic 
intention tremor (Infeld). 


Dace X.—A. 8. G., Pr 45, female. 

Migraine since youth, and for the last eight years айр pains in the 
shailders; numbness апа stiffness of the hands, especially the left, for the 
same period. Otherwise well till December 10, when, after an attack of 
temporzry weakness of the whole body, she felt the left arm gradually becoming 
рат .lytic. Was able to walk home without help. 

Adnitted December 13, 1907. Enlargement of the heart to the left, apex- 
реа» strong ; second aortic-sound accentuated; blood-pressure somewhat in- 
creesed (Riva-Rocci-Landergren), 140. - Urine contains traces of albumin and 
tub «-easts, sp. gr. 1023. 

Paralysis of the left arm; slight, but aident paresis of the leg. No 
distnct paresis of the face, but the whole left side is somewhat smooth; 
pto is on the left side. Appreciation of touch (wool) uncertain m the toes 
of both sides; otherwise normal. Painful sensibility (algesimeter of Alrutz), 
alsc defsctive in the toes, but elsewhere normal, and equal on the two sides. 
Localization exact. Sense of place (Weber’s compass) unaffected. 

Sorcect perception of passive movements іп ће toes, though a certain 
degree of uncertainty in very small movements. 

Patellar and triceps-reflexes absent on the left side. Babinski’s sign on the 
left . JA . . - 

Janaary 10. — Blood-pressure still higher, 180. Urine, no albumin, 
‘sp. gr. 1096. No paresis of the leg, face unaffected. Complete paralysis 
at фе ünger-, wrist-, and elbow-joints; very little movement at the shoulder- 
joint. No contractures ; ‘muscles of the left arm flaccid. Tendon reflexes 
slignily increased on the left arm and leg; Babinski’s sign absent. : 

No alteration of sensation to touch and pain, except slight diminution in 
the toes ; the same applies to the perception of passive movements. Examina- 
tior of she orientation in space of the left hand with a graduated dise which, 
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owing to the paresis, v only be done at rest, revealed & somewhat greater 
error than normally :— e 

In the hip-plane 0 em. in distal, 1 em. in cephalie direction. 

In the xiphoid plane 3 em. $n distal, 2 cm. jn cephalic direction. 

‘In the shoulder-joint plane 0 em. in distal, 5 em. in cephalic direction. 

On January 26.—Motor, tactile, and painful sensations, as well as perception 
of pasSive nfbvements as before. ; 


I musé admit that the local diagnosis of this case is not certain, 
as I found paresis in the arm as well as in. the leg; but, as fhe motility 
of the leg improved rapidly while the arm remained paretic, there was 


‘finally an isolated brachial monoplegia. Consequently the lesion was 


most probably a cortical one. . 

In this case the motor functions only were affected; the sense of 
touch and of pain, as well as the faculty of localizing, remained intact in 
the upper extremity; at least, there was no difference to be detected 
between the sound side and the paretic one. The very. slight disturb- 
ances which were found’ on the toes and which did not alter 
during her stay in hospital, and the disturbance of the sense of passive 
movement, were, I suppose, only indirectly due to the cerebral lesion. 

Orientation in space, as tested by the graduated plate, was found 
normal at the iliac level, but at the levels of the xiphoid and of the 
shoulder-joint the errors were slightly greater than normal. 


4 


CASE XI —C. H., aged 72, widow. d 

Typhoid fever at 30. For about eight years incessant tingling in the head 
and sometimes attacks of dizziness (had a sensation that the room was turning 
upside down) with difficulty in standing and walking. She usually lay in bed 
for a couple of days in these attacks; she vomited, but had no headache. Has 
never had a stroke before. 

Ji anuary 2, 1909. In the morning, patient complained of.heaviress and 
numbness in the right arm ; at midday, as she was busy cooking, she found tkat 
her left arm was weak; the weakness increased gradually so that she could not 
continue her work. No weakness in the leg (could ascend a staircase), Lut 
after a while difficulty in speaking. No giddiness or dimness during the attack ; 
has been laid up since then. The power of the arm has gradually recovered, 
and the speech is completely restored. For about one week swelling and 
soreness, first in the left thigh, then in the right leg. Admitted January 25. 

January 25 —Pulse 100, systolic arterial pressure 160. Heart normal, 
trace of albumm. Thrombosis in the right leg. А 

Paresis of right face and right hand. Babinski on the right side. Senses of 


' touch, pain, and of position and movement quite normal. 


January 30.—Paresis of lower face conspicuous on moving, but litis 
marked at rest. The tongue deviates a little to the right; other cranial nerves 
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unafeetsd. The power in the shoulder-joint appears somewhat diminished in 
abdaesion and in elevation forwards; no diminution in other movements. Їп 
the slocw-joint the power is reduced in flexion and, though to somewhat smaller 
degree, :n extension, but the mogements are perfrmed to their full range. The 
streagtl of all movements at the wrist is weak, especially supination “and 
pronasicn, The power of each finger equally reduced (dynamometer right 2, 
left 3—10), but range of movement normal. Isolgted finger movefhents ‘can. be 
mace. lut are slower in the right than in the left hand. The motility of the 
leg :onll поё be tested on account of the thrombosis; at any rate; the patient 
has. an several occasions, been seen to move and lift up her right leg with so 
greet ‘azility that paresis may be excluded. Я 

Sense of touch and of pain on both sides shows no reduction. Power of 
locaizacion normal. Perceives exactly the direction of minimal movements in 
all joints of the upper right limb. 

3tersognosis normal. 

Jrientation in space, right hand recording :— 


Xinhoid level  ... 1 em. proximal og 1 em. caudal error 
lu 3 1 , kephal 
Пее level ... Не 02.5; m Lx RE 
1% ” ” 1 2 ” 
1 , distal 015 5 
Left hand recording :— 
Xiphoid level 0 em. proximal jus 6 em. kephal error 
2 ,, distal M T is is 45 
lU ^3 55 6 , i Е 
Lige level 9-3 » ias 8 , » Т 
Ll » acts 75,, - E 
Ду E E 6'5,, 5 5 


Tendon reflexes on the arms rather brisk, equal on both sides. Abdominal ` 
reflex absent on right side, feeble on left. Plantar reflexes of normal type on 
рођ. sices. ` 

Teb-uary 2.—Motility and reflexes as before. Muscular sense undiminished. 
Senses of touch and pain somewhat uncertain in the distal parts of both 
hande (3ands at the time cold). 

Orientation in space examined by Horsley’s method gave approximately 
the вып е results as in the previous observations, though the variation was 
now less. 


Left hand recording :— 
Xiphoid level 47/10, iliac level 46/10 cm. error 


Зі hand recording :-— 
Xiphoid level 14/10, iliac level 17/10 em. error 


Й A © Й 
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Blix's method of testing orientation of active movements showed only 

slightly greater mistake on the, paretic side : — 5 Ы 
Right hand, еуез closed 4'5, eyes open 15 em. | 

. Left hand, E 8'6 » 13 em. | 

February 11.—Motility as before, likewise reflexes. No disorders in. the 
senses of touh, pain, nor in the muscular sense. 

Orientation i in space (Horsley- Slinger's method) :— 

Left iind recording :— e. 

Iliac level 3'2 em., Xiphoid level 8`9 em. error 


Right hand recording — 
Шао level 2°44 cm., Xiphoid level 2°6 em. error ' : 
Orientation of active movements (Blix's method): right hand, 1`8 em.; 
left hand, 1'5 em. error (eyes clósed). ' ' 
March 13.—Some paresis left in the hand.  Horsley-Slinger's and Blix's 
methods give the same result on both sides. ‘Reflexes as before. 
- April 11.—No definite paresis. Reflexes as before. No contracture. 
Discharged April 16. * 


In this case there was evidently cerebral arterio-sclerosis; the 
slow, gradual onset of the lesion without affection of consciousness 
makes it probable that.1& was a thrombosis. The most important 
auestion as regards the localization of the lesion is, Was it in the cortex 
or in the internal capsule ? E 

In both cases the arm may be the most affected, as was here 
the case. But the comparatively moderate paresis in the arm, and 
‚ the absence of paresis in. the leg, on the patient's falling ill, and, as 
far ‘as could be judged by her spontaneous movements, three to four 
weeks later, while there was an obvious paresis of the face and tongue, 
puts a capsular lesion out of question. These facts point, on the : 
other hand, to a cortical lesion involving, but not completely .de- 
stroying, the lower and middle portions of the motor zone; the sinrul- 
taneous affection of speech suggests an affection of Broca’s gyrus. 

It 1s interesting that a lesion which affected so extensive a region. as 
the motor centres of the tongue, face, hand, and elbow, and, though to 
a less extent, that of the shoulder, left the muscular sense and stereo- 
gnosis and symbolia quite unaffected. 

On the other hand, the orientation in space of the paretic hand 
at rest was, at first, much worse than that of the sound one, whereas 
its ‘orientation in movement—no matter if it was-guided by the 
perceptions of position of the other side, by the sense of sight, or by 
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visual memory—was normal, or almost so. Later, the orientation 
ın space improved *even in repose, and became as accurate as in the 
sound hand. | á 

The tendon reflexes wete brisk but equal on both sides, and no 
sigas of contracture appeared during three months. Babinski's sign 
was nof observed, but at the beginning there was some dfminution of 
the abdominal reflex” of the monoplegic side. 

Casu XII.—C., aged 53, a farmer. 

"Pour years ago left-sided hemiplegia with sudden onset without premonitory 
symptoms, which disappeared completely after a few weeks. 

Erom the end of June, 1908, indisposed, with a tendency to giddiness and a 
feeing of weakness ; has been feeling tired , difficulty in collecting his thoughts. 
On: July 16, after violent exertion, severe giddiness for a minute or so. On 
айу 18 the patient felt ill, was irritable and restless. Immediately after 
strag exertion sudden severe headache and giddiness. То prevent himself 
fallmg was obliged to lie down. Difficulty in speaking. Consciousness not 
quae lost. 

Examination four hours later: Intellect clear; difficulty of finding words; 
car read vertical print.  Paresis of the right side of the tongue and the lower 
pax of the right face. Weakness of the right arm, and especially of the hand ; 
bu- he is able to perform isolated finger movements. Motility otherwise 
un _fiected, 

No diminution of sensibility to touch and pain, or of the sense of position 
an movements. Stereognosis and symbolis normal. 

Reflexes of-the right arm absent; knee-jerk somewhat brisker on the right 
side: Babinski's sign on the right foot; abdominal reflex absent on the right 
sida. | | 

Heart somewhat enlarged—veaches to the left 4 cm. outside the nipple line. 
Acsentuation of the aortic second sound. Pulse of high tension, regular, 52 per 
miauie. Urine about 1,100 em. in the twenty-four hours, specific gravity 1012 , 
soLtary hyaline and granular casts. 

July 19.—Speech better. Facial paresis gone. Рагевіѕ of the arm and 
refexes as on the 18th А 

July 20, at 1 p.m.—Speech normal. Рагеѕіѕ of the arm as before. Reflexes 
of ihe right leg absent; no Babinski’s sign, no abdominal reflex on the right 
sia. Seems inattentive. 

July 20, at 8 p.m.— Wandering; paresis of the arm considerably increased ; 
mexked facial paresis. Speech slurred and unintelligible. Reflexes as at the 
lass examination. Pulse 50, high tension, irregular. 

July 21—Intellect clear ,-speech difficult to understand, can read vertical 
prot. Very marked paresis of the arm. Sensibility normal. Stereognostic 
pesception unaffected. Reflexes of the arm as on the previous day.  Babinski's 
sign on the right foot. Knee-jerk exaggerated on the right side. 


r 
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J uly 28.—Paresis less marked ; reflexes as before. 

July 27.—Facial paresis almost gone. Paresis of the arm still evident. 
Talks. without any difficulty. e 

August 6 and 19.—Speech, normal. Handwriting as before the illness; 
still a trace of paresis of the hand; motilify otherwise normal. Tendon 
reflexes somewhat livelier on the right' leg; no Babinski’s sign, abdominal 
reflexes normal. Reflexes of HB right arm absent, of the left normal, 


This man, aged 53, VS had a stroke four years ago, was affected by 
another apoplexy after a period of rather vague general symptoms. It 
is very likely that the affection of his kidney—which must be considered 
as an interstitial nephritis on account of the small percentage of albumin, 
the few tube-casts and the low specific gravity of the uriné—was a 
contributive cause of these apoplectic attacks. 

The specific gravity of the urine, its reduced quantity, and the rapid 
disappearance of the cerebral symptoms would be reasons for assuming 
@ purely uremic condition. But this is not very likely, considering the 
limited monoplegic “ Ausfallserscheinungen,” absence of symptoms of 
irritation, and the preservation of consciousness. . Moreover, the 
absence of the reflexes immediately after the attack strongly supports 
the assumption that the lesion was a vascular one, and its onset during 
exertion points to the same hypothesis. There is no doubt that in this 
case it was a hemorrhage. Evidently the patient had several cas 
and the last two affected the same place. ' 

As the paresis affected the arm, the face and the tongue, but seh the 
leg, the diagnosis of а capsular lesion must be rejected, and the lesion 
wust be localized in the motor cortex or n 1ts neighbourhood.. . 

The slight symptoms of aphasia might argue in favour of a localiza- 
tion of the injury in the neighbourhood of the speech centre, but the 
affection of speech was slight and temporary. It is possible that the 
irjury affected the frontallobe; the motor zone was involved only to a 
slight extent. This hypothesis corresponds well with the rapid recoverv 
of the disturbances of motility. 

Even four hours after the attack sensibility was unaffected, at ee 
as far as touch, pain, position and movement were concerned. Sterec- 
‘gnosis and symbolia were also intact. 

The condition of the reflexes during the course of ihe disease was 
irteresting. At first the reflexes of the arm were absent, but the 
patellar was exaggerated and the plantar reflex gave an extensor 
response, due to the first slight lesion. Later I observed an absence cf 
the reflexes in the leg; this proved to be the initial symptoms of a new 
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lexon Two weeks after the second stroke the patellar reflex was again 
ob air зӣ, and then it was stronger than normally. Оп the contrary, а 
ments after the attack, during the stage of residual paralysis, the reflexes 
of tn: right arm had not уер reappeared. ә 


(b) Sensory-motor Symptoms (Cases XIII. to XVII). + 
в 


C: SE XIIL—E. L., aged 66. Housewife. š 

Pizviotts health.—On March 13 at noon the patient became giddy and 
weak 1 the right arm, so that she had to leave off her work. She attempted 
to ісі а help, but after a few steps the leg gave way and she fell. She noticed 
tht zer speech was blurred, and that it was difficult to pronounce even 
isdat: 1 words. Consciousness was retained throughout. 

OŁ admission, March 14, 1907, the following notes were made :— 

N53 enlargement of the heart to the right; to the left the dulness reaches 
to 1 zm. inside the nipple line. Accentuation of the second aortic sound. 
Perrpaeral arteries somewhat rigid. Blood-pressure (according to Riva-Rocci- 
Len rgren) 180, urine contains trace of albumin. No hemianopsia. Move- 
m nts of the tongue unaffected. Slight paresis of the lower face. Considerable 
расеѕз of the right arm.  Babinski's sign present. No abdominal reflex on 
tha rizht side. Tendon reflexes somewhat increased on the right side. Muscular 
sease lulled. 

Merch 16.—Intellect quite clear. No aphasia nor dysarthria. No hemi- 
aropsia. Movements of the eyes unaffected; slight paresis of the left lower 
fase ; no deviation of the tongue. 

Severe paresis of the right arm, only small movements of the finger-, wrist-, 
аса cbow-joints being possible. The power of the leg somewhat reduced, 
esecally at the hip- and knee-joints, but much less so than in the arm. 

Tendon reflexes of Ње right arm and leg slightly increased, Babinski’s 
sizn cn the right foot, no abdominal reflex on the right side. 

O-taneous sensibility of the face normal. On the right arm a cotton-wool- 
бслс is not appreciated as high as a little below the shoulder; a finger-touch 
tc abzut the elbow. Оп the right leg finger- and wool-touch are felt at the 
seme level—viz., at the knee. In the left hand and arm no impairment of 
tactile sensation. Perception of cotton-wool-touch is in the lower third of the 
let calf and in the foot uncertain ; a light finger-touch on the other is recognized 
here. On the right hand no discrimination between head and point of a pin. On 
tte dstal parts of the feet (about equal on the right and left side) considerable 
urcemainty. The sense of deep pressure seems everywhere well retained, but 
is less on the right hand. The patient perceives the vibrations of the tuning- 
fck =verywhere, but they seem feebler on the right arm. No difference in 
tLe l zs. ` 

F:ssive movements of about 90° are correctly estimated at the right 
sLouder-joint, but great uncertainty. in movements of 45". No appreciation of 
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passive movements of the elbow-, wrist-, and finger-joints. Movements of the 
kree-joint of about 80° or more are correctly described, bu& the appreciation af 
even the largest movements of the foot and toes is very uncertain. 

On the left side the patient describes wrongly or vaguely even large move- 
ments—of about 16°—of the finger- and wrist-joints. Movements of the 
shoulder- and elbow- -joints are correctly described. There is almost the same 
degree of uncértainty of the movements of the joints of the foot ond toes on 
tha left side as on tha right one. 

The appreciation of position of the right arm as well as of the leg is 
absent ; the-patient is able to find the paretic hand with the non-paretic one, 
only by groping; he is unable to imitate the postures of the right arm or leg. ` 

March 20.—Motility of the shoulder- and elbow-joints somewhat improved. 
the patient being able to raise the whole arm from the supporting surface. 
Paxesis of the hand about the same. The power of the leg fairly good. 

Cutaneous sensibility : Appreciates a touch with cotton-wool at about the 
level of the elbow, a finger-touch over the whole of the fore-drm and on the 
dorsum of the hand, but not on the fingers nor on the palmar aspect of the 
wrist. 

On the lower extremity a cotton-wool-touch is appreciated below the knee 
and on the dorsum of the foot, and a finger-touch on the big toe. The patient 
is able to differentiate the head from the point of a pin except оп ` ће distal 
phalanges of the second and third, on the whole of the fourth and fifth fingers, 
and on the ulnar border of the hand. The algesimeter of Thunberg is not 
appreciated at 3 grm. till just below the elbow-joint. When the liminal value 
‘is passed, the sensations produced by the вате weight are said to be stronger 
on the right side. 

Sense of deep pressure as before. 

Passive movements of about 45° are correctly perceived at the shoulder- 
joint. The other joints of the right upper-extremity. show the same condition 
as before. She has exact perception of minimal movements of the knee-joint, 
but at the ankle-joint there is uncertainty of even maximal movements. Per- 
ception of position of the right upper extremity still totally absent, that of the 
leg fair. 

On the lefé side some uncertainty of -passive отаев of the toes. 
Otherwise zo disturbance of sensibility noticeable on the left side. 

April 15.—Paresis of the shoulder- and elbow-joints now considerably less. 
Dynamometer on the right side 2, on the left 25. The power of the leg is not 
much weaker on tha right-side than on the left. Reflexes as before, no 
cortractue. The patient appreciates cotton-wool everywhere except on the 
dorsal surface of the four ulnar fingers and on the palmar surface of the ulnar 
half of the wrist and four ulnar firigers. -Finger-touch is, however, felt here. 
On the same parts sha is unable to differentiate between the head and point of 
a pin when lightly toached. Does not appreciate Thunberg’s algesimeter with 
a weight of 10 grm. on the distal phalanges and not until the weight has 
reashed 6 grm. on the palmar aspect of the ulnar half of the a 
Sense of pain otherwise not impaired. 


" 
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Or the toes of both sides а touch with cotton-wool is nof felt. 

2cwer oi localizeng а touch on the fingers considerably impaired; as a rule 
tł soach is localized towards the metacarpo-phalangeal joints, but in the little 
finger sometimes even highere (The result of the test was the same whether 

‘tle patient had to point at the place touched or had to describe it.) 

Tested with Weber's compasses, the patient discriminated the points at a 

е distance of 10-12 mm. only on the distal phalanges of the right sMe, at 8-4 mm. 
or. those of the left. 

Appresiation of passive movements still almost absent in the joints of the 
hinds and fingers. Appreciates correctly movements of about 20° at the elbow- 
jcins and minimal ones at the shoulder-joint. Even the smallest movements of 
tke knee are exactly described. Movements of the ankle-joint, under about 80°, 
а not perceived with any degree of certainty ; the uncertainty is still greater 
ir the joints of the toes. In the left foot there is some uncertainty in smaller 
wovements of the toes. 

Drientation of the position of the arm still very bad. Examination with 
Eorslsy’s disc impossible. 

The recognition of the nature of objects by touch and the power of identi- 
fring them lost. ‚ 

May 18.—Motility of the right arm considerably increased, especially 
poumaly.  Dynamometer: right 5, left 26. No paresis of the leg 
noticeable. 

Raflexes still somewhat increased in the right arm and leg. Babinski’s 
sin on the right foot. No abdominal reflex on the iight side. No rigidity 
от contracture. 

Cataneous sensibility as at the last examination. Localization is, however, 
mow better. No impairment, at present, to be made out on the palm of the 
лпй. A touch on the dorsal aspect of the distal phalanges is located on the 
ѕзеопа interphalangeal joint, or somewhat more proximally on the middle 
paanlanx Ор the whole of the little finger and ulnar border of the hand 
joximal reference of 2—3 ет. 

Хо umprovement of the perception of passive movements of the arm or 
hand, but possibly.a slight improvement in the joints of the foot and toes. 

Ssereognostic perception as before. | 

Discharged May 19. June 12, condition the same. 


That the lesion in this case was a vascular one is evident. The 
gradual onset of paresis in the arm and then in the leg, as well as the 
ramirienance of consciousness, are the symptoms which generally indicate 
g wnrombotie softening. The peripheral arterio-sclerosis also points to а 
tmombosis. | 

The existence of a monoplegia is decidedly in favour of a lesion in a 
ragicn where the different centres or their efferent fibres are distant from 
exch other. It cannot therefore have involved the internal capsule or 
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its neighbourhood, but probably lay in or near the cortex; thrombosis is 
also. most common in the cortex. 

The initial considerable diminution of cutaneous sensibility and of 
the sense of position and movement is igteresting. In this case it 
oceurred even on the non-paretic side, and was most pronounced in: 
the leg. The sense of position and of movement of the hand was 
also affected. This symptom was not owing to a lack.of attention on 
the part of the patient, but must have been due to her lesion. Considering 
its sudden disappearance, 1t mist be either attributed to a diaséhisis or 
locked upon as a result of the bilateral innervation of these functions. 

Fr, Müller has already observed a diminution of the cutaneous sensi- 
bility in the lower extremity of the sound side; he attributed it to s 
bilateral representation. But a bilateral innervation of the sense of 
position and of movement of the arm and hand does not agree with 
the, well-known fact that these functions usually remain ‘the most 
severely affected of all sensory functions. On the contrary, a distant 
affection might verv easily occur at the onset of a vascular lesion of the 
brain; and thus it is possible that a function as complicated as the sense 
of position and movement might be disturbed. 

The similarity of these symptoms, which in my opinion were 
functional, to the symptoms produced by an organic lesion is very 
interesting. I have noted the same condition in Cases XVII. and XXI. 

The affection of the monoplegic arm consisted in paresis and diminu- 
tion of the sense of position and movement. The latter were the most 
intense and persistent; for instance, when the power of movement at 
the elbow- and shoulder-joints had almost completely ' recovered, the 
patient was able to appreciate only large movements at these joinis.. 
The faculty of loeslization, too, which usually runs parallel with the 
muscular sense, had almost recovered when the muscular sense was still 

' greatly. disturbed. ` 

There was also a persistent partial distal anæsthesia—i.e., an anses- . 
thesia of ulnar type—during a period the case was under dhie yation. 

In this case, too, there was.a certain degree of “ hyperalgesia.” The 
liminal intensity was much higher on the paralysed than on the sound 
side; but when the liminal intensity was passed the sensations became 
more painful in the paralysed side than in the sound one, and these 
symptoms appeared even at an equal weight on the two sides. 

The réflexes were somewhat increased in the paralvsed side, and 
remained so during the whole time of observation; even three months 

' after the onget there were no signs of contracture. : 
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Cast XIV.—K. G. N., aged 36, labourer. 

Was an in-patiegt April 28 to September 29, 1903, for cerebral syphilis and 
pumonary tuberculosis. Ill since the summer 1902, when he had an apoplec- 
hc stroke while under treatment at a sanagorium. Dulness and prolonged 
exoiration over both apices behind. No albumin. Ы 

Aphasic, paralysed in the right arm, paretic in the right leg; deviation of 
ths tongue towards the left. Pupillary reaction absent, the pupils being widely 
& ated. М 

In January, 1907, his condition was as follows. No hemianepsia. Slight 
peresis of the lower part of the right side of the face. Deviation of the tongue 
towurds the left; the left half considerably atrophied. Right trapezius weaker, 
ard this musele, as well as the deltoid, is wasted. Is unable to raise the right 
атт fully, but offers fairly good resistance, although weaker than on the left 
sile 

Flexion and extension of the elbow-joint performed slowly and without 
piscision, as if he had to work against a considerable resistance; the move- 
ments are better performed when controlled by vision. The movements are 
fir] in range and fairly strong, but they are weaker than those of the-left limb ; 
aw atrophy, the muscles of the forearm being well developed. The excursion of 
ake movements of the wrist normal. А 

The hand 1s usually held lightly clenched, the thumb within the finger. 
Ате movements of all the finger-joints can be performed to the extent of 
akout half a right angle, but only “ Gesammtbewegungen " ; passive move- 
:renis unrestricted. Dynamometer: right hand 4, left 50. 

Power of the right knee good; no definite difference when compared with 
zle left leg. The foot is held in moderate plantar flexion. Dorsal flexion can 
b performed with fair strength ; movements of the toes a Пе weaker on this 
Пе. The gait of the right leg is spastic. 

Feels a cotton-wool touch everywhere except on the distal phalanges of the 
те hand, the outer one-third of the right foot, and over the distal phalanges 
o the right as well as of the left foot. No impairment of the sense of pain. 

At the shoulder-joint movements of about 5° can be passively performed 
witnout the patient being able to estimate their direction with certainty; on 
.ke other hand, he indicates when a movement takes place, even when this is 
minimal. The elbow-joint may be moved without the patient appreciating the 
movement. At the joints of the wrist and fingers no exact appreciation of the 
1 rection even of extreme movements, on the other hand, he indicates accur- 
a ely as soon as а Movement takes place, even small movements. 

At the right hip and knee all movements are at once appreciated. The 
muscular sense of the ankle-joint obviously less good, the patient being uncertain 
o the direction of movements up to 30° to 45°. The same applies to the 
зое. On the left side no impairment of the perception of passive movements 
was observed ` 

Imitation of passive movements of the paretic side with the sound arm is 
vary inaccurate, but it is better in the leg. If, on the other hand, the patient 
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is asked to imitate with the paretic side passive positions of the sound side, he. 
does so accurately on the leg, but makes gross errors in the arm. 

The right hand 15 clumsy, slow, and uncertain in its*movements, but tha 
‘error in attempting to bring the forefinger to the nose or to the. opposifs 
forefinger is usually not greater than 5 бо 10 cm® there is no regularity in the 
' direction of the error. With left land against the right there is constant 
proxima] erron of, а couple of centimetres i in the finger-to-finger test; he points, 
aS а rule, towards the centre ef the foréarm or often higher. , The finger-nos» 
test, on the other hand, is performed accurately with the left hand. . 

The knee-heel test performed somewhat less well with the right leg ‘than 
with the left. This is evidently due, partly at least, to the spasm. 

Considerable. disorientation of the right arm, especially of: its. more o distal 
parts; orientation of the right leg good. 

Localization of touch in the upper arm good; in the forearm and hand Б 
becomes less and less good distalwards , localizes a touch on thé dorsum of the 
hand and fingers most often to the wrist, seldom more proximally. In the-leg 
no difference worth mentioning compared with the left. 

The distances at which the two points of the compasses can is dischi. 
nated are shown in the following table. 

A = dorsal surface; В = volar surface—The values of the left side are 
enclosed in brackets. ` то 


Phalanx. Phalanx. ^ | 
A. ‚ Finger 1115 (19) 113 (0: В.119 (7) I 9 (9) 
,. 2,14(5 I1Ir119:(8 - ,2,8 (9 II 7 (4 
Je II 15 (4. — HI 5 (9) 
| .» 8, — 05) is (9^ ,83,9 (9 I -8 (4 
II15 (4 ' ПІ 15 (1) 
„ 4,17 (6) 1119 (8) » 4,,8 10) п 8 (5). 
TIT 11 (4. "- TIT 12 (2) 
» 0, — (14 IF 10 (10) » 5,8 @ II 9 (5) 
III 18 (4) III 12 (9) 


Metacarpus 1 24 (24) 9 (9) 
. 1% 93 (99) 9 (11) 
3 98 (25) 10 (11) оа 
4 25 (21) 11 (10) 
5 26 (25) 9 (10) 
‚ Carpus, right 29, left 22. 
Tendon reflexes somewhat increased in the right arm and leg. Babinski’s 
sign present on the right side. .Püpils unaltered. Intelligence considerably 
blunted. Motor aphasia. , СЕ EI Ov 


А шап, aged. 82, was affected by an ‘apoplexy, producing a right-- 
sided. hemiplegia and motor aphasia. That the underlying cause was 
syphilis is probable, considering the age of the patient as well as 
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the condition of the pupils at an earlier observation. The patient, who 
was ipecifically treated after the stroke, has shown no new symptoms 
otke- than those *wssociated with his hemiplegia, and no new attack 
ha. cceurred. 2 

Cn account of Ње persistence of pure motor aphasia, the attack 
was 3robably cortical. This diagnosis is rendered more probable by the 
exstence of facial paresis, the approximately complete paralysis of the 
finzers—not only loss of isolated movements—and the very pronounced 
pave is of the wrist-joint, though there still remained a fair power 
at tae elbow-joint and the absence of diminution of the gross power 
of tke leg. ; 

"he paresis of the left half of the tongue and its atrophy show tha 
them must have been another lesion which involved the hypoglossal 
ne~v= or its nucleus. This may be a tabetic symptom. 

His hypesthesia in the lateral border of the foot— which was not 
сол ined with analgesia, but was associated with a diminution of the 
mrs ular sense of the ankle-joint—may point to another lesion too. But, 
coas dering the type of sensory disturbance, this lesion cannot have been 
a spnal one, and corresponds very well to the symptoms that result 
frar a cortical lesion. It seems to me to be very probable that 
thes: sensory disturbances were due to the lesion that produced the 
hem plegia and the aphasia.. 

The lesion that was the cause of his paresis, judging from the 
“ ,csfallserschemnungen," affected a motor speech-centre as well as 
ths sentres of the arm, or at least that of the hand. 

І may draw attention to the fact that in the arm the disturbances of 
тиу and those of muscular sense were almost equally pronounced in 
ths-sspective joints. Both were moderately disturbed m the shoulder- 
and =lbow-joints, but more profoundly in the wrist- and finger-joints. The 
dirttrbance of muscular sense, however, was more complete in the latter 
thar the disturbance of motility, and in the ankle-joint there was a 
dim-oution of the muscular sense without any appreciable amount of 
paresis. Thus the disturbance of the muscular sense was in this casc 
alzac st parallel to that of motility, though somewhat more intense. 

Che orientation in space of the paretic arm on active movement was 
gooc. ш comparison with its orientation at rest. Thus the error at the 
firg-r experiment, executed with the right hand recording, was noted to 
be zbout 5 cm. to 10 cm.—an error which might be partly attributed to 
ths zaresis. When the experiment was performed in the other direction 
th» error was very much greater. The error, however, appeared with a 
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certain uniformity, inasmuch as the left hand was almost always lifted 
towards a point too far head ward and proximal. . 

The orientation of the movements of the right hand, too, were 
not so bad, considering the evident disturbances even of the 
proximal joints, and this case confirms, in my opinion, Dejerine’s [46] 
experignce that the orientation of active movements is usually supericr 
to that of the passive one$. Owing' to the pronounced paresis it was 
not possible to decide if there was some cortical ataxia in «ће hanu. 
The peculiar slowness of the movements of the elbow-joint might be, 
perhaps, an expression of a disturbance of this kind; but it may lave 
been due to an intellectual defect. 

It is interesting to note that the localization of tactile stimuli was 
reduced in the arm, though the disturbance of tactility was inconsiderable. 
The power of localization examined by Weber’s compasses appeared to 
be much better than, at an examination with successive stimulation. 
Whether this singular condition was due only to mental dulness, or if it 
has some special significance, I must leave to further discussion. 


CASE XV.—A. P. Xe aged 56, Бода 

Belongs to a family of drunkards: Himself a drinker since ie youth: In 1884 
aching pains m the joints; later parssthesie and a feeling of softness under. 
his feet, as well as clumsiness in. performing finer movements. In 1905 
pneumonia; during convalescence tachycardia anddyspneea. Нав felt strangely 
listless and tired during last month. On November 28, 1906, when at work, 
the knife fell from his right hand, and it was only with control of the eyes that 
he was able to hold it for a short while. Paresthesie of the arm and hand, as 
well as fine twitchings of the hand. · Later'on paresis of the arm as well as 
twitchings, but no paresis of the leg. He also noticed a shadow obscuring one- 
half of the visual field. Headache. Admitted December 1. 

December 1.—No hemianopsia; slight paresis of the right side of the face, 
All movements of the shoulder- and elbow-joints can be performed to full 
excursion, but with only little strength, especially at the elbow-joint. Is доа 
certain degree able to move the wrist. Paralysis of the fingers. Slight paresis 
of the leg. 

Tactile sensation diminished on the hand ; does not appreciate a finger-touch 
on the dorsal aspect of the terminal phalanges; no appreciation of cotton-woal 
on any part of the fingers, nor on the thumb. On the palmar aspect a finger- 
touch is everywhere felt. On the terminal phalanges he cannot differentiate 
between the head and the point of а pin. " 

Exact perception of even minimal movements of the shoulder- and elbow- 
joints. At the wrist and joints of the thumb great uncertainty, but movements 
of 80° always correctly described. ‘In the other fingers still greater diminution, 
increasing towards the ulnar side. No exact appreciation of тешен о 
45° in the four ulnar fingers. : 
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А ёле hip- and knee-joints no uncertainty. At the joints of the foot and 
soes uncertainty of minor movements, but it is equal on both sides. Passive 
movements of the paretic hand are badly imitated by the non-paretic one. 
The 3nzer-finger test against the paretic hand is performed badly, with an 
arra of 20 em. to 30 c.m., usually in a proximal direction, or towards the middle 
Ime Са the other hand, he places the left index-finger without any greater 
arraz om the tip of the nose, the nipple, &c. The.knee-heel test {5 carried out 
with cut precision on both sides. : 

-T reflexes оп the right arm; very weak on the right leg. No m or 
abdeniral reflex on the right side. 

acember 4.—Headache, pains, and parssthesie over the whole body. 
Slign- paresis of the lower part of the face persists. Strength of the elbow 
much batter, and he is also able to perform a number of minor movements 
witL „Пе fingers. No paresis of the leg. 

Zrel: cotton-wool everywhere except on the terminal phalanges of the right 
zanl, amd here he cannot certainly appreciate the differences between the head 
and poiat of a pin. 

Reecgnizes correctly minute passive movements of the shoulder-, elbow- 
ind vri:t-joints, but is uncertain of small movements of the joints of the sham, 
In t3: cther finger-joints the condition is unaltered. 

Zussve movements are well imitated, except those of the fingers. 

-cins sensibility of the legs as before. Stereognostie power not much 
-mp.tred; he discriminates the nature of objects and is able to identify 
shen 

Reflexes normal on both sides. 

December 14.—Motility, and the appreciation of passive movements of the 
лап 1 somewhat improved. 

Dscember 22.—Strength of right hand increased, no weakness of the 
shoclle--joint, slight weakness of the elbow-joint. Dynamometer: right 14, 
-eft 5). 

"ебе sensation as before. Appreciates minimal passive movements of 
she wrist and of the carpo-metacarpal and metacarpo-phalangeal joints of the 
spun». А considerable degree of uncertainty of the movements of the other 
join s up to 30°. Stereognosis is unaffected. 

Эз canuary 6 a fit; headache, restlessness, paleness, irregular action of the 
eart convulsive movements of the left side. After the attack the paresis of 
she 2155 arm was greater than before, but it diminished during the next few 
lay:. “here was no increase of reflexes. 

-envtary 8.—Paresis considerably increased since December 4. He is uncer- 
чолп cf movements of about 15° at the wrist-joint, and of even large movements 
as al the joints of the fingers. 

MIar:h.— Tactile and painful sensibility and the impairment of muscular 
zene ag before, equally marked in all the finger-joints. 

No merease of reflexes ; no contracture. 

D:scharged March 21. 
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This was the case of a man, aged 56, who had two hemiplegic strokes, 
in each of which the lesion was cortical. The premonitory symptoms of 
irritation and the incomplete monoplegia favour this diagnosis. The 
paxesis after each stroke was similar and affected the right arm. The 
disturbance of tactility consisted, as is usual in such cases, in slight 
distale hypesthesia. (The power of localization was not examined in ` 
this case.) The conditior of the muscular sense was more remarkable ; 
after the first stroke it was more disturbed in the distal joigts, but the 
sense of movement was evidently less disturbed in the joints of the 
thumb than ш the other fingers. After the second attack the muscular 
sense showed a uniform and rather pronounced diminution in all the 
finger-joints. 

Such a case points to the existence of a special centre for the 
muscular sense of the thumb, which can remain relatively intact when 
the motility both of the thumb and of the fingers is abolished and vhe 
muscular sense of the fingers severely affected. The second stroke, 
however, produced a disturbance of the muscular sense of the thumb. 

It is interesting that stereognosis was intact, in spite of paresis and 
disturbances of muscle-sense. The reflexes, which were absent on the 
paralysed side after the first fit, were not increased after the second. 

No contractures developed during an observation of three and a kalf 
months. 


Oase XVI.—I. G., married, aged 56. d 

From the beginning of 1890 complained of ‘tiredness and headache coming 
on at times, and sometimes followed by vomiting; swelling of the legs and on 
one occasion also of the face. Albuminuria was found in 1891. 

Early in January, 1905, weakness of the left arm and leg. On January 7 
some headache, chiefly on the left side. Left hand somewhat weaker than the 
. right; according to a statement made later by the patient, there was at this 
time no disorder of sensibility when testéd with a pin. Patellar-tendon reflex 
possibly a little brisker on the left side; Babinski's sign on the left; no anle- 
elonus. Blood-pressure 165. Trace of albumin and granular tube-casts їп. 
urine. 

Later the paresis passed-off completely. 

Early in January, 1907, a severe attack of giddiness and vomiting ; after the 
attack paralysis of the left hand, but, according to her statement, no impair- 
ment of sensibility, not even immediately after the onset. On examination a 
few days later by Professor Petrén, there was paralysis of: the left hand with- 
out any disturbances of sensibility to touch or pain or of muscular sense. 
Triceps reflex absent, patellar-tendon reflex weak on the same side. 

The paralysis passed off completely during the next month. 
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At the end-of May, 1908, another attack with, giddiness, headache, and 
zomiting, return of thg paralysis of the arm. This time, however, the sensi- 
эү of the hand was temporarily lost for a few days. 

On July 20 I examined the patient: Powergof movement at the shoulder- 

oint fairly well retained, rotation outwards only being much diminished; 
zonsiderable weakness of extension of the elbow, less of flexion. Dorsal flexion 
' of the hand very feeble, palmar flexion much better. The range ef the *move- 
ments of the thumb good, though all were greatly Teduced in strength. Flexion 
of the three yadial fingers fair, but the power of extension very poot, especially 
.n the middle and ring fingers. The little finger is almost completely paralysed. 
No paresis of the leg. 

А cotton-wool-touch is felt everywhere on the hand and fingers. The muscle 
sense is considerably affected in the little finger, less so in the next two, and is 
wormal in the index-finger and thumb. The perception of flexion is somewhat 
impaired at the wrist-joint, but that of extension is good. No impairment of 
the muscle-sense at the elbow-joint. Localization on the hand uncertain; as а 
aule, the patient refers too far to the radial side, especially to the two ulnar 
fingers, but as often distalwards as proximalwards. = 

No contracture. Reflexes of the arm rather lively and those of the leg 
considerably increased. 


In this case of interstitial nephritis repeated cerebral seizures 
occurred after a rather. long period of symptoms suggestive of uremia. 
Al these attacks affected the left arm, and finally caused a pronounced 
and permanent paresis. I could obtain very little information about the 
first attack, but the account of the patient proved that- the lesion had 
‘been. very moderate, and that, at all events, the sense of pain .was not 
much affected. 

After the attack in November, 1907, the paresis was very pro-' 
nounced at first, but some days later there. were no disturbances in the 
sense of touch, pain, or of position or movement. The páresis almost 
disappeared. | i . 

Disturbances of cutaneous sensibility were not observed till the 
third stroke, and these remained for less than two months. The defect- 
phenomena, motor as well as sensory, were of the partial distal type, in 
both cases ulnar; but the affection of motility was a little more extensive 
than that of sensibility. Thus this case shows very clearly how repeated 
small vascular lesions affecting the same motor region gradually affect 
even the sense of position and movement. The uniformity between the 
disturbances of the sense of position and of movement and those of 
motility greatly favours the view put forward by Mills and Weisen- 
burz, that the motor and sensory centres o the fingers are to be found 
at the same horizontal level. 
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T'he sense of position and movement at the wrist showed a particular 
condition—viz., a better appreciation of movemenjs of extension than 
of flexion. І have noted a similar condition ın Case I. It is remarkcble 
that in this case (XVI.) the Satient showede diminution of sense of mcve- 
ments in the wrist, but not in the thumb or index-finger. 1% must be 
observed, however, that the patient used to keep her paretic hand 
hanging ouíside-the sling? by the aid of which she supported her arm; 
and this may have had some influence, inasmuch as the patient less 
easily perceived movements that were executed in the direction in 
which gravity usually acted than movements in the opposite direction. 

The “simple” cutaneous sensibility remained quite intact in. this 
case, but there was an error in localization in pre-axial directions on ihe 
ulnar side, i.e., the power of localization was diminished in thé same 
part as the sense of position and movement. 

Finally, I must call attention to the loss of isolated movements which 
were observed in the index in spite of maintenance of the sense of 
position and movements.  , i 

The reflexes were absent a few days after the lesion, evidently a 
result of diaschisis; but two months after the second attack they were 
slightly exaggerated, more so in the non- -paralysed leg than in the 
paretic arm. | х 
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CasE XVIL—E. F. J., aged 39, carpenter, 

Measles in childhood, otherwise good health. On April 2 (eight days 
before admission) he remained in bed half the day on account of a cold, 
‘with coryza, headache, and tenderness all over the body, especially in 
she legs. The headache and nasal catarrh persisted, but he was well 
otherwise until April 6; he then felt weakness of the right hand, aot 
preceded by twitching or parssthesie, and had to lay down his tools. The 
weakness only lasted for a few minutes, but returned three times on toat 
same day. During the next day he had a Jacksonian fit, beginning with eon- 
vulsive movements of the forearm, which spread to the upper arm and the 
right half of the face and trunk; scarcely any movement of the hand. Within 
an hour two more attacks occurred of a similar character, followed by paresis 
of the arm and paresthesie from the Pelee tenet of the wrist to the right 
side of the body. 

In the morning of April 10 bie had a series of fits which lasted in all three 
hours and a quarter; the first began with twitching of the face, but all the 
others started in the forearm. After the attacks the arm was paralysed. 

On admission into the hospital on the same day there was paralysis of the 
right arm and paresis of the lower part of the right side of the face. The 
strength and motility of the right leg were good. 
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Æt € p.m.—Mind quite clear, no headache, and no stiffness of the neck. 
The right half of the fgce somewhat weak. A marked degree of paresis, of all 
ihe; join:s of: the right arm, but nowhere complete paralysis. -No paresis of the 
leg. Ne impairment of tactilg sensibility ore ої localization; the patient 
appreciases correctly. even: minimal: movements of: all the joints. Reflexes 
normal 
Apri. 11 at 12.80 Y fit (which I obseryed) ; the clonics movements 
weresherply confined to the shoulder- ‘and elbow-j dints, no twitching of the face 
or о: üks myscles of the hand. Parmsthesis of the arm during the attack. 
After the fit paralysis of the arm for about one hour. ‘The perception of 
pass-ve movements was considerably reduced at the wrist and elbow-joints 
immadistely after the attack; not even maximal movements were appreciated 
` ‘with. acy degree of certainty; in the fingers the result was somewhat 
uncertain, ` but large movements were sometimes fairly. well recognized. 
Appreci.ted cotton-wool-touch everywhére except on the most distal parts of 
the Angers. Half an hour later movements of the elbow-joint of 30° were 
eorreetl- recognized and no affection of touch was present. After two hours 
' no ateccion of sensation. 
Cn. „pril 11, 4.30 to 8 p. EE OE attack (observed half in hour after, 
:bs еа закити violent convulsive movements of the arm and forearm, 
espenisl-y of the flexors and pectoral muscles. Bilateral contraction. of the 
sterco-mastoid and ‘abdominal muscles. Twitchings of the muscles of the: 
right саһ and slight clonic contractions of the facial muscles. The thumb 
was act involved and it could be moved voluntarily during the attack. After. 
she it zhe same impairment of tactile, sensation as after the- -previous ane.. 
Tota. igxorance of the-position of, .and of passive movement i in, the- ‘right arm. 
Uncerta.n&y of small movements in the joints of the foot and toes, the sense of 
position in the leg otherwise fairly correct. No paresis ja the leg, but the arm 
was paralysed. + 
Ергг 12. — Motor paralysis of the cani upper extrémity except the thumb, 
all mov-ments of which could be performed, although slowly and feebly ; ; same 
paresis af the foot. Perception of passive movements of the wrist almost lost, . . 
and -t vas considerably reduced in the joints of the fingers and elbow, possibly, 
' $00, at tae shoulder-joint. Small movements of the toes are badly perceived on -' 
the -igl side. Some uncertainty and subjective impairment dd the tactility 
‘in the ght hand and fingers. К 
„рте 13.— Motor aphasia. April 14 .—Total hemiplegia, ; owing to the«aphasia, 
and some impairment of intellect a detailed examination of the sensibility is 
difficult There were evidently, however, hypesthesia and hypalgesia and a 
tota_ loss of the sense ‘of position of the right limbs. Later, symptoms of 
, men-nscis developed. Death occurred on April 18. у 
Posi-mortem.—The whole left hemisphere appeared flattened m larger than 
ihe -1215, especially the ‘central gyri, which measured 3 by 2 em. on the left side 
comar. d with 1'2 by 1 em. on the right. The central gyri and the adjacent 
portons of the frontal and parietal lobes were discoloured and soft; ‘fluctuation 
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was obtained in the posterior central gyrus and the anterior part of she 
parietal lobe. 

On frontal section multiple softenings and liquefied dodi of the size af a 
hazel-nut or larger, partly connected with each gther and surrounded by necrotic 
tisshe, were found in the white matter of the central convolutions and parietal 
lobe. The largest of these cavities, irregularly shaped and bigger than a walnut, 
was situate@ in the parietal lobe and gyrus centralis posterior, reaching she 
surface of the brain at the posterior border of the latter. The lesions extended 
downwards‘as far as the basal ganglia, but did not involve the internal capsule. 

The following were the cerebral symptoms in this case. Attacks of 
temporary paresis in the right upper extremity, especially of the fore- 
arm. Fits of irregular type (beginning on one occasion in the face), which 
were followed by a permanent paresis in the arm. At first there was no 
disturbance of the sense of touch, of localization or of the sense of posi- 
tion and movement; but after a series of Jacksonian fits, temporary but 
considerable disturbance of the latter was found, with very little dis- 
turbance of the sense of touch. 

Considering the very large extent of the lesion, this case only confirms 
the well-known fact that lesions in the centro-parietal region give sensory- ` 
motor symptoms. It was not possible, however, to make a detaied 
examination of the sensibility during the last days of life. The case 
also shows that a lesion elsewhere rapidly progressive may paralvse 
the arm without producing any disturbances of the sense of touch, of 
position, or of movement. 

Post-convulsive sensory paralysis may be common, though 16 is not 
so frequently seen as post-convulsive motor palsy (Burr, Binswanger, 
Mann; see also my Case ХХІ). І was, however, astonished to find in 
this case that the sense of position and of movement was chiefly affected, 
and touch but very slightly. This fact proves either that the localization 
of these functions must be different, or, if they have the same localiza- 
sion, that the sense of position and movement is more easily affected 
than the sense of touch. Unfortunately, I did not examine the patient's 
power of localizing touches. 

г I wish to call attention to the fact that the temporary post-convulsive 
disturbances of sensibility resembled closely the usual stable disturbanzes 
of sensibility. I think that this condition ought to be observed in typical 
Jacksonian epilepsies in order to study further the symptomatology of the 
cerebral disturbances of sensibility. 

Case XVIIL—J. V. K., aged 53, joiner: 

.Patient had previously enjoyed good health. Since the summer of 1907 
he had shown signs of esophageal stenosis, which developed slowly. and are 
now severe. 2E 
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Without premonitory symptoms, patient suddenly ‘became paralysed in 
his right hand in the beginning of October, 1908. One morning on waking 
he tels the fingers of this hand weak, but the weakness did not, as far as he can 
reccllect, extend to the wrist, and certainly not to the elbow- and shoulder-joints. 
At shs same time he had a feeEng of numbness and paresthesia in the whole 
hard except the thumb. Тһе sense of touch, too, was reduced in the fingers, 
but gross painful and stimuli were always appreciated. His right hand was 
somewhat fumbling and awkward in handling even light objects (Rot only small 
ones); he was scarcely able to wield а hammer with it, and when he held a 
nai. with His right hand and the hammer with the left the right hand was 
observed to be unsteady. He could, however, use his right hand in eating, and 
hac. not himself observed any awkwardness of it. 

November 26.__Palmar and dorsal flexion, pronation and supination of the 
right hand are performed with considerably reduced power. Dynamometer, 
right side 0, left 25. ј 

Sense of touch lost on the palmar surfaces of the fingers (cotton-wool) ; 
веске of pain' diminished in the terminal phalanges; sense of position and 
mcvements uncertain in the metacarpo-phalangeal and interphalangeal joints. 
In the left hand no disorders of sensibility. 

December 5.—No paresis in the wrist ascertainable. The movements, 
especially flexion of the thumb as well as of the other fingers, feebler than on 
the other side, but plainly better than on the date of the last examination. 

December 10.—-No paresis of the movements of the elbow- or shoulder-joint. 
In the wrist no paresis demonstrable in palmar flexion, pronation, or supination, 
bu. the dorsi-flexion is somewhat feebler on the right side. The flexion, exten- 
віст, abduction, and adduction of the fingers much feebler on the right than on 
the left side, and the reduction in power seems to be equally marked in all 
these movements ; the paresis in the fingers is far more pronounced than on 
December 5. The power of isolated movements in the fingers is normal. 

Wo disorder of touch or localization could be ascertained. Muscular sense 
pleinly uncertain in the little finger, elsewhere intact. 

December 14: Dynamometer on the right side 14, on the left 28. The 
pacesis in the fingers about as marked as on December 5. Touch and muscular 
sense normal. Stereognosis and symbolia, which are carefully examined, weic 
in-act. Orientation in space (Horsley’s disc) normal. 

Left hand recording :— - 

Xiphoid level error 1'8, oftenest in kephal direction. 
Iliac n “Ay. 04, ji re T 
Right hand recording .— ` 
Xiphoid level error 1'6, direction varying. 
Iliac 5 » 14, 5 i 
Active orientation according to Blix-Ohrvall's method :— 
Right hand, eyes open error 0°4 em. 
» 3 » shut , 33 , e 
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Left hand, eyes open error 0'5 ош. 
эз эз IRAN shut B 8 0 2, 


December 15: Dynan left 35, right 20. 

December 27.—No paresis in shouldér- or elbow-joints. Palmar flexion, 
p-ongtion, and radial and ulnar flexion normal, but dorsal flexion and supinat_on 
somewhat feebler on the right side. All finger movements feebler, especisily 
extensian and, flexion. The latter cannot be made to full range ; he cannot 
bring the finger-tips to the thénar and hypothenar eminences. Finer associased 
and isolated finger movements are normally performed. 

No disorder of touch, muscular sense, stereognosis, or symbolia." 

The reflexes were during the whole course име. brisk, but equal on -bcth 
sides. No contracture. S 


This patient sought admission to the clinic owing to stenosis of’ е 
cesophagus, which was probably due to cancer; the paresis did not incan- 
venience him аё all. That the paresis was due to а cerebral lesion seers 
beyond doubt; and being so limited, but at the same time so intense, :t 
must have been situated in the.cortex or in its immediate neighbourhocd, 
where it destroyed the centres of the hand and fingers. 

As regards the nature of the lesion, metastases are excluded ол 
account of the course of the attack. The almost sudden improvemedi 
of the symptoms, setting in as late:as'two months after the attack, 
suggests the suspicion of a functional disorder, but the patient's whale 
manner argued against that supposition, and no other symptoms 2f 
hysteria or neurosis could be ascertained ; it must be admitted thas 
his motor and sensory disorders corresponded more closely to an organic 
than to an hysterical paresis. 

The strongest argument against a vascular lesion is that improvemens 
set in so late and became so complete; and while the patient was in 
hospital some changes for the worse were also observed. It is possib.e 
thet the patient may have suffered, not from a vascular lesion, but from: 
a` monoplegia “sine. materia” such as is sometimes seen in cases of 
cancer, general stasis, &c. 

This is, of course, a mere conjecture, which does not influence the 
significance of the case from the symptomatological point of view, since 
the nature of cortical lesion is unquestionable. The development of the 
sensory-motor paralysis was interesting. first paresis with a diminished 
. sensibility to touch and pain, and of the muscular sense; later paresic, 
~ but no disorder of sensibility except a defect of muscular sense in the little 
finger; and, finally, pure motor paresis, without even astereognosis, 
defect in the appreciation of position or of orientation of active move- 
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menís. Hence ıt may be inferred that, in cases of cortical sensory- 
motor paralysis, ihe sensibility may be wholly restored, but that the 
cctaneous sensibilities recover more quickly than the muscular sense, 
ard that the latter may recover at different rates in different fingers. 

Consequently, a sensory-motor monoplegia may develop from a purely 
motor paresis. This case completes the two preceding ones, in which 
there was at first a purely motor paralysis, фо which sensory symptoms 
af:erwards wêre added. А 


(с) Cases with Sensory Symptoms (Cases XIX-XXII). 


CASE XIX.—L. E. U., aged 63, formerly gamekeeper. 

No history of alcoholic abuse or of syphilis. 

In the autumn of 1904 apoplexy; the patient fell suddenly, without com- 
plete loss of consciousness ; paralysis of the left arm and leg, asymmetry of the 
fase; severe headache on the right side. In the evening of the same day the 
asymmetry of the face had diminished; the power of the leg returned within 
three weeks, and after a month the patient was able to get about. The recovery 
of the arm was slower, but the details on this point could not be obtained, 
except that the patient noticed a certain degree of awkwardness of the fingers 
асі diminished sensibility of the finger-tips after the gradual return of the 
stzength—for instance, he had great difficulty in buttoning his clothes. 

Since the spring of 1905 he had been greatly troubled with symptoms of 
cardiac insufficiency as well as signs of cirrhosis of the liver, this being the 
caase of his admission to the medical clinic on December 27, 1905. 

December 27.—Marked arterio-sclerosis, myocarditis, anasarea, ascites. The 
pcxver of the left arm, hand, and fingers good; reflexes of the forearm increased 
оп both sides, the other reflexes normal. The muscular sense of the finger-, 
wrist-, and elbow-joints uncertain, but no noteworthy defect at the shoulder- 
jont. The finger-finger and finger-nose tests are badly performed with the left 
hand, finer movements are very badly executed, even when the patient watches 
them. Stereognostic perception uncertain. Tactile sensation reduced on the 
te-minal phalanges. 

December 31.—At 8 30 p.m. the patient was seized with general convulsions, 
lasting for a few minutes. Conjugate deviation of the eyes towards the right; 
urzonscious. Pupils large, reaction present immediately а the attack. 
Trrellect then clear. No paresis. 

January 9, 1906.—No hemianopsia. Cranial nerves normal. 

Coarse power of the arms and legs good and equal on both sides. Move- 
ments unaffected. The voluntary movements of the arms, especially of the left, 
were tremulous. The movements of the left arm and hand, especially finer 
ones, are carried out in an awkward manner even when the patient watches 
+ ла Тһе co-ordination tests are performed less well with the left hand. 
Wen the left hand is raised it remains for a little time in the new position, 
umike the right. 
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The perception of & touch of the camel's-bair brush is йан оп Ша 
distal phalanges of the left hand, otherwise accurate. 

Sense of pain, as tested with head and point of a pin, everywhere somewhas 
uncertain, but distinctly reduced gn the left hand and arm. 

Stereognosis defective in the left hand. Muscular sense uncertain in the 
joints of the left fingers, wrist, and elbow. The same applies to the joints af 
the left: foot anal toes, but not to the knee. 

March 16.—No evident paresis of the left hand and arm. .The same cata- 
leptiform corfdition remains. Does not feel cotton-wool on thg terminal 
phalanges. A certain amount of uncertainty in the appreciation of pain on 
the hands and feet of both sides. 

Great reduction of muscular sense in the left finger- and wrist-joints, only 
extreme movements being correctly interpreted. At this time a change for the 
worse in the patient's general condition set in, and he became so drowsy that a 
closer examination could not be made. 

April 5.—Stuperose. April 7.— Death. 

Post-mortem (autopsy by Dr. Vestberg) : Ascites, hydrothorax, hydroperi- 
cardium, œdema pulmonum, myocarditis, cirrhosis hepatis (varices oesophagi). 

The dura mater normally tense; the soft membranes, as & whole, somewhat 
cedematous and thickened, especially over the right hemisphere. In the neigh- 
bourhood of the fossa Sylvii a thickening of the outer layer of the soft mem- 
branes, sharply defined and of a brownish-yellow tint. Beneath this in ihe 
posterior part of the fossa the subarachnoid meshwork was increased, showing 
great cyst-like spaces filled with a clear fluid. This cystic meshwork occupied 
an area of about the size of a walnut, due to a depression of the brain substanca 
‘at this place. The region above this area showed a hyperemic zone, extending 
from the third frontal to the parietal convolutions. The arteria fosse Sylvü 
wes patent to the anterior border of the depression in the posterior part of tha 
Sylvian fossa. The depressed area was 5 cm. long, 3 cm. broad, and about 2 em. 
deep, and extended to 5 cm. from the occipital lobe. It comprised the ‘gyrus ' 
temporalis superior, the’ posterior part of medius, and the posterior part af 
parietalis inferior. The surface of the brain was smooth, and the depression 
covered by cortex. 

On frontal section the area was {оппа to occupy nearly the whole of the 
inferior parietal, the supramarginal as well as the angular gyrus, and a wedge- 
shaped process almost reached the upper border of the posterior horn. Behind 
the angular gyrus the area suddenly became narrower, but could be followed 
almost to the occipital pole as a narrow strip along the sulcus occipitalis trans- 
versus. Тһе cortex over the area was atrophic, measuring, as a rule, nob mors 
than 1 mm. to 2 mm. in thickness, and being here and there quite destroyed. 
The ventricles were intact; the basal arteries were thickened. 

A microscopical examination of the lower portion of the centro-parietal 
region was made by the author-in serial sections, After hardening in Muller's 
flcid and embedding in celloidin, sections of 30 to 85 # in thickness were 
obtained ; the methods of staining employed were those of Van Gieson, Weigert- 
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Pal (with alum-carmine), nigrosin, and Kulschitsky’s -hematoxylin; every fifth 
section was stained by one of these methods. The piece of brain examined in 
this way was about 6 cm. in length; it extended from within 6 cm. of the 
frontal pole to 7'5 em. of the’ occipital polg, and included the white matter 
Leneath the central convolution for at least 1 em. beyond the lesion ; eit con- 
tained the lower three-fourths ‘of the central convolutions, the posterior part of 
the parietal lobe, and thus certainly included the centres for the headeand arm, 
end possibly part of the centre for the leg. Of microscopical examination the 
^ Bsion, which was undoubtedly the' result of an old softening, was found to be 
Erger than it appeared to the naked eye. The following parts, in addition to 
the parietal convolutions, were affected: The gyrus centralis posterior, a narrow 
strip of the insula along the fossa of Sylvius, the gyrus centralis anterior, and 
the gyrus frontalis inferior. Almost everywhere the lesion involved the white 
matier immediately beneath the cortex, but the cortex itself was affected in 
-ery {буу places. . Its floor was also fairly sharply limited. In addition to the 
destruetion of these parts it produced extensive secondary degeneration, which in 
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Weigert-Pal-stained secretions could be followed far beyond it. In many places 
~he cortex beyond the lesion was atrophic. ‘ 

The inferior parietal gyrus was completely destroyed. Further, the lesion 
axtended to the lower portion of gyrus parietalis superior, and, as already 
mentioned, affected the posterior central gyrus directly. The destructive 
shanges found in the latter gyrus were, shortly, as follows: Along the 
Sylvian fossa the lesion involved the anterior half of the gyrus, but else- 
-vbere only its posterior half, destroying chiefly the subcortex; 1 em. 
above the fossa Sylvii it extended from the sulcus post-centralis subcortically 
sowards the vertex of the convolution in its mesial segment (consequently 
zorresponding to the centre for the arm), then it diminished in extent, but, 
although much reduced in size (1 mm. to 2 mm. in diameter), could be followed 
shrough the whole of the sections of the posterior central convolution. 

The cortex corresponding to the subcortical lesion was everywhere very 
atrophic, but was completely destroyed only in a small area in the deeper part 
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of sulcus post-centralis. It was difficult to define the extent of the lesion more 
exactly on account of the secondary degenerations that were present: | 

It is easy to understand that a lesion of this extent must have given rise to 
considerable secondary degenerations, though they could not be accurately 
traced «in Weigert-Pal preparations. Distinct changes of the medullary 
radiation could be seen in the lowermost portion of the gyrus centralis posterior ; 
the colour of itẹ posterior half was much paler than normal or than when 
compared with that of the antefior half in Weigert sections. Further, in the 
posterior half,ein addition to the well-preserved fibres, a great "number of 
medullated sheaths were found showing varicosities which were almost entirely 
absent in the anterior half. Moreover the cortex of the posterior half con- 
tained small groups of degenerated ganglion-cells. Higher up the condition 

' was considerably altered owing to the direct encroachment of the lesion upon 
the convolution, and still more to the secondary degeneration, and atrophy, 
which was here much more intense. The medulla was hardly more than 1 mm. 
broad, and contained well-preserved fibres only in, the anterior half. The cortex 
of the posterior part of the convolution was greatly atrophied, that of the 
anterior half much better preserved; here in the cortex as well as in ihe 
white matter only small atrophic or degenerative changes could be seen. 
Judging from their course the intact fibres of the anterior half of the convo- 
lution probably represented tracts ‘coming from the depth of the hemisphere. 

. This marked degree of atrophy of the white matter as well as of the cortex 
in tke posterior portions of the gyrus centralis posterior could be traced through 
the whole length of the convolution as far as this could be followed in the 
series of sections, but became less marked higher up in the cortex, and was 
insignificant towards the upper part ‘of the middle segment. In addition to 
continuation of the parietal lesion forwards along the Sylvian fossa, there wera 
a few small hemorrhages, not exceeding 1 mm. in diameter, in the gyrus cen- 
tralis anterior and at the bottom of the central fissure. 

Below, the lesion extended only within the parietal lobe beyond the medullary 
radietion of the gyrus. The deeper lying portions of the white mattér of the 
frontal and anterior central convolutions showed no signs of alteration. 
Secondary changes were, however, present beneath the posterior central 
convolution, and to a still higher degree underneath the parietal convolutions, 
the deeper radiation being here more purely stained with Weigert-Pal. 

Thus the pathological changes consisted of a lesion including, besides parts 
of the temporal lobe, the lower part of the parietal lobe and the posterior half 
of the gyrus centralis posterior, especially in its middle third. There was in 
addition an extensive and intense atrophy of the posterior part of the white 
matter of the gyrus centralis posterior as well as of the cortex, and in the middle 
portion a moderate atrophy of the anterior half of the same gyrus. 


In spite of the short and incomplete history, this case is of great 
interest on account of the nature of the sensory monoplegia. The 
symptems were a very slight lowering of the cutaneous senses; obvious 
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disorder in the sense of position and passive movement in the, left arm ; 
end ataxia and awkwardness in finer movements associated with well- 
2reserved gross movements in the arm. 

The patient had a hemiplegic strok® fifteen months earlier, which 
2roduced these symptoms. The generalized fit that occurred when he 
"vas under observation did not produce any further symptoms, except 
perhaps a trace of catalepsy and some degree of bluntness of the sense 
of pain., I must, however, emphasize that, on the patient's admission, , 
attention was directed chiefly to his circulatory disturbances, and that 
slight catalepsy might easily have escaped attention. Тһе same is the 
case with the sense of pain, but the defect may have been due to other 
causes, especially the peripheral arterio-sclerosis. 

The other symptoms of lost function in this case are, however, to be 
considered’ as due to the lesion that occurred a year and a half before 
death. Considering the constancy of the ir ae the case is to be 
regarded as a residuary sensory monoplegia. 

That the power of coarse movements was not diminished is fully 
explained by the fact that the gyrus centralis anterior, which is regarded 
ts the motor region, was affected by small and doubtless quite umm- 
portant lesions only. The absence of hemianopsia might be accounted 
for by the fact that the visual tract was damaged to a small degree only. 

The greatest interest, however, in this case lay in the disorders of 
sensibility. Cutaneous sensibility was unaffected in the face, but 
somewhat diminished in the left arm, in which grave disorders of Ње 
muscular sense were also present. The lesion was very small in the 
Dwermost portion of the gyrus centralis posterior, but considerably 
greater in the middle portion. This unquestionably’ suggests that 
the cutaneous sensibility of the face is represented in the gyrus cen- 
tralis posterior rather than the parietal gyri. And considermg the 
very moderate diminution of cutaneous sensibility in the upper 
extremity this case argues, it seems to me that, in the front half 
cf the gyrus centralis posterior, there may exist some cortical repre- 
sentation of the cutaneous sensibility of the upper extremity. 

This case yields no positive clue for the more accurate localization 
cf muscular sense. As is evident from Campbell’s observations, there 
exists a marked anatomical difference between the anterior and posterior 
Lalves of the gyrus centralis posterior, and according to his opinion it 
might be expected that the “primary” or more uncomplicated func- 
tions, amongst which he reckons the simple functions of muscular sense, 
cre localized in the front, the more complicated or "secondary-"in its 
posterior half and in the parietal lobe. 
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This case gives no support to the view that the sense of position and 
movement is located in the front half of the gyrus centyalis posterior. 'Om 
the contrary, the intense disorder of the primary functions of the musculaz , 
sense argues against the possibikity of their beisg located only to the fronz 
part of the gyrus centralis posterior, for the slight changes that were mez 
with at jhis region were only secondary. In the posterior half of this 

: gyrus there is, * however, unquestionably a considerable direct destruction 

. that might, with greater probability, have damaged sensibility, and tha 
secondary atrophy and degeneration, which in the anterior half was only 
sparingly met with, here occupied the whole of the medullary ramifica- 
tion and the greater part of the cortex. 

The causes of this secondary degeneration and atrophy, УЕ 
exceeded the boundaries of the lesion must be sought for in thz 
parietal lesion, with its prolongation towards the gyrus centralis 
posterior. The remarkable difference in the extent of the degene- 
ration of the fibres of the anterior and posterior halves of the gyrus 
certralis posterior is undoubtedly due, at least in part, to the circum- 
stance that the intergyral fibres between the gyrus centralis posterior 
апа the parietal gyri mainly go to the posterior part of the formes 
gyrus. It may be, however, that the thalamo-cortical projection paths 
pass mainly to the anterior ‘edge of the gyrus centralis posterior; but 
on this my preparations gave no information. 

It is very probable that the astereognosis was, in part at least, 
consequent on the disorders of the primary sensations. But though, in 
all probability, the intense disorder of muscular sense undoubtedly 
played an important part in his stereognosis and ataxia, there was, in 
this case, a fact that may be worthy of note—namely, that the move- 
ments were performed in the same manner, whether the patient con- 
trolled them with his eyes or not. This points to the disorder being 
situated in the centre; otherwise it ought to have been compensated 
io а greater or smaller degree by the sense of sight. Since the moto: 
centres proper were practically unaffected, even microscopically, we have 
no ground for the assumption of a disorder of “ Bewegungsideen" in 
Munk’s sense. It would seem probable that the defect of this function 
was due to a disturbance at a higher psychical level, but as, on the 
otker hand, it was one-sided, it must necessarily be attributed ‘to his 
lesion. 


Case XX.—P. E. A., aged 71, bricklayer. 
Ine November, 1906, one night he had much pain in the left side of ths 
abdomen with a great deal of meteorism; he obtained considerable relief 
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afer passing flatus. He was in bed a couple of months, as the pain and 
fletulence returned as soon as he tried to get up. He has not been able to 
determine any connéxion between the meals and the onset of the pains. There 
was no sickness or vomiting. In January he was able to leave his bed; but one 
dey, towards the end of this month, the abdominal pains returned, with pain in 
tke left arm and hand, which became cold and white. The pains also radiated 
towards the left side of the head. The aching disappeared gs soon as the 
patient. kept quiet, but has since then eonstant returned as soon as the arm 
has been moved, and has gradually increased in intensity. «Between the 
attacks of pain he had paresthesia in the arm and hand, increased on moving. 

The patient was admitted to the medical clinic on February 23, 1907, 
wien the following condition was found: Subcutaneous fat and muscles badly 
developed. Cachectie appearance. General condition bad. 

Apex-beat not palpable; dulness to 15 cm. outside the left nipple line, 
towards the right uncertain. Second pulmonary and still more second aortic 
sound accentuated. No murmurs. The pulsations of the axillary artery were 
поте strongly felt on the left side than on the right, but on the left side they 
сца be felt only in the uppermost portion of arteria brachialis; below this 
leval even the artery itself was not palpable. The plethysmograph showed the 
b ood supply of the arm to be very bad. With the tonometer of Landergren 
the pressure on the right side was 120, on the left not measurable. Gartner 
62 on the right, 30—85 on the left. Peripheral arteries on the whole some- 
what rigid. 

Lungs: Emphysema, bronchitis. Urine: No albumin, no sugar. 

Nervous system: Headache, intellect clear ; becomes easily giddy on moving 
tie head. Cranial nerves unaffected. Reflexes normal. 

The strength of the left hand (dynamometer) 32, of the right 40; otherwise 
bere is no difference between the right and left arms or legs. After protracted 
exertions the left arm became cold and white, and severe pains came on, 
rendering every muscular exertion impossible. 

He complained of paresthesia of the whole arm, which increase to pain 
cai exertion. No impairment of tactile, painful, or muscular sensations was 
found on examination. 

March 16.—Apathetic, wandering, refuses to eat, passed urine in the bed. 

On March 18, in the evening, the patient complained of bad sight. On the 
Eib, on examining the eyes, left-sided hemianopsia was detected. Tactile and 
yainful sensibility were much reduced on the whole of the left side. Gross 
Cisorientation of the position of the left arm and leg. The muscular sense of 
ie left arm seems totally lost, and that of the left leg at least very much 
reduced. On both sides inconstant results were obtained on testing the joints 
cf the toes and feet, but I could not decide whether this uncertainty was due 
to a reduction of the muscular sense! or the inattention of the patient. Even 
ninute movements of the right knee and arm were, on the other hand, cor- 
rsetly ‘appreciated when the patient answered at all No signs of paresis. 
Eeflexes normal. 
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March 20.—Reflexes of the left arm and leg somewhat increased ; a certa. n, 
degree of rigidity. No paresis beyond what has already been mentioned 
(examination February 23). Is able to perform isolated “movements with zl 
the fingers, but associated moveynents impossible. Is not even able to hold 
tha dynamometer properly. . 

March 21: Total apraxia, of the arm, a certain degree of catalepsy. No 
sign of eparesig. More detailed examination impossible on account of the 
mental condition of the patienf. 

Death dn March 22. 

Post-mortem (autopsy by Professor Quensel) : Aortic sidearm of syphilitic 
origin with thrombotic laminæ in the lumen, thrombus in the central porticn 
of the left brachial artery, fibrino-purulent pericarditis. А 

The brain (examined by the author) : The dura mater considerably thickened, 
with a thin easily removable membrane over the frontal lobe. The left hend- 
sphere normal. A flat depression is seen, 1 cm. in diameter, of a yellowish 
coour and softer consistency, in the posterior half of the gyrus centralis posterior 
of the tight hemisphere at the' boundary between its first and second quarte-s 
апд in the adjacent part of the parietal lobe; the pia mater covering it was 
injected and somewhat thickened. There was a larger and deeper depression, 
about 4'5 em. in diameter, in the middle part of the parietal lobe, occupying tl e 
gyri parietalis superior, inferior, and supramarginalis. Towards the middle lire 
the diseased area reached to 1 em. from the sulcus longitudinalis and forwarcs 
to about 3 em. to 4 em. behind the sulcus centralis. The anterior boundary was, 
however, rather diffuse, and the portion of the brain lying between this and tke 
former area was also softer than normal. The area extended posteriorly to 
3'5 cm. in front of the occipital lobe. The pia mater барн this pact 
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'was also much injected and a little thickened. 


In the posterior part of the middle frontal convolution as well as in tke 


` ad-acent part of the gyrus centralis anterior at the boundary, between its 


middle and lower third, there was an area 14 em. in diameter Е similer 


‚ changes. 


On frontal sections of the hardened brain the posterior focus was seen to 
send a wedge-shaped prolongation downwards almost to the ventricle and 
forwards towards the area in the posterior central gyrus; macroscopically cre 
cannot, however, make out with cértainty whether the affected areas are cor- 
nected with one another. . It seems as if the area in the frontal lobe involved 
only the cortex and the superficial part of the white matter. 

Basal arteries considerably thickened. 

Microscopically the membranes over the large parietal Убайд were 
injected and thickened, the meshwork was filled with endothelial cells. A large 
number of veins, and also some arteries, contained fresh thrombi. The brain 
substance surrounding the artéries and veins, whether thrombosed or not, was 
infltrated with leucocytes. The same condition of the vessels was found in ths 
substance of the brain. 

THe nervous elements within the area affected were: destroyed. Ths 
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netroglia was in some places cedematous, in' others showed' signs of breaking 
up, brt was om the whole not grossly affected. Degenerations beyond the 
sof-ened area could nåt be established by the staining methods employed. The 
pais of the right hemisphere examined in serjal section comprised the whole 
of che central convolutions as well as the posterior part of the frontal dobe 
anc the anterior half of the parietal lobe; the sections end at about the middle 
of Һе affected region. ^ е . 

On the serial sections it became evident, as*was to be expected from the 
ma-roscopical examination, that the affected parts in the parietal lobe and in the 
gyras centralis posterior were connected with each other.. The posterior half of 
the-second fourth from above of the posterior central convolution was affected 
by ~hesoftening, which destroyed the cortex as well as white substance forwards 
to sulcus centralis, but did not.encroach upon gyrus centralis anterior. In the 
perzheral lobe the softening occupied almost the whole of thé gyri parietales 
süpericr and inferior, with the exception of a strip 1 em. broad along the sulcus 
longitudinalis ; it reached downwards to the gyrus supramarginalis, a part of 
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-whi:h was also involved. On the other hand, the angular gyrus was almost 
free from destruction. | 

Zn addition, a cortical softening not quite $ cm. in diameter was най in the 
immediate neighbourhood of the margo falcata in the posterior wall of the 
suleas centralis, and in the eorresponding parts of the anterior wall a few 
smal cortical haemorrhages were found. This small lesion has no connexion 
witk the larger parietal softening. 

Finally, in the lower portion of the gyrus centralis posterior there was a 
lesic 78 em. long and 3—4 em. broad, situated 5 mm. beneath the cortex 
laye- of the anterior border. , 16 is evident that this is of older date. The 
postericr central gyrus was otherwise intact. 

In the gyrus centralis anterior only minute cortical hemorrhages were. 
fourd. The lesion in the gyrus frontalis medius previously mentioned con- 
stitcied another softening 4 cm. in diameter situated in the anterior part of 
the «onvolution; this lesion measured at its centre 2 cm. in diameter on the - 
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surface, and sent a wedge-shaped prolongation 2 em. in length to the deeper parts 
between the middle frontal and the antérior central convolutions. 


In this case there was, in the first place, intermittent claudication 
of the left arm, evidently due to a thrombésis in the arteria brackials 
with the symptoms usual in that disease, but without any disorders of 
sensibility, excepting the pain connected with his attacks., 

I do not intend, however, to dwell on, that. Afterwards there super- 
vened an infective process, that caused purulent pericarditis and a 
softening in the right parietal lobe, that produced hemianopsia and 
some disorders of sensibility, but no real paresis. 

That motility was unaffected by the lesion is explained by the fact 
taat the latter did not extend to the gyrus centralis anterior. The 
hemianopsia was due to destruction of the visual tract. 

The chief interest that the case offered was the disorder of sensibility. 
This was evidently an early symptom of the lesion and was far more 
extensive than that which resulted from the lesion itself, especially when, 
as in this case, the lesion is inflammatory. 

Some facts, however, speak in favour of the pabis that in this 
case distant influence may be neglected. In the first place the reflexes 
were, even at the onset, somewhat increased. Further motility was 
unaffected, though the lesion approached to within half the breadth of 
the gyrus centralis posterior of the motor zone. 

Whether the part of the gyrus centralis posterior between the lesion 
and the motor zone was indirectly affected, by diaschisis, cannot be 
decided ; nor can it be settled whether, in this case, the loss of sensibility 
was due to the injury of the parietal gyri or to that of the gyrus centraiis 
posterior, though its position within the middle and, upper portions of 
the gyrus centralis posterior agrees with the disorder of the muscular 
sense in both arm and leg, but it does not explain the affecticn of 
eutaneous sensibility that extended even to the face. I do not venture 
vo draw any conzlusion on this point, but distant influence seems іле 
most probable explanation. 

I wish to point out that, in spite of intense disorders of the muscular 
sense, the power of „isolated finger movements was preserved. That the 
associated movements were poorly performed is easily accounted for 
by the grave disorder of the muscular sense. The apraxia that finaily 
supervened, or rather the utter inability to use the arm in spite of 
well-preserved coarse movements, could not be closely obseryed owing 
‘to the patient’s physical state. The reflexes were here a little increased 
on the hemianopic side even at the onset. There was also a certain 
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degree of cataleptic tension in the whole arm, which indicated the 
exstence of a trae of early muscular rigidity. 


CaSE XXI.—E. A., aged 38, labourer. е 

The parents were alive and healthy. Тһе patient was the youngest but one 
of sight brothers and sisters. Three of these—the first, fourth and eighth—died 
at she age of 10 months, 3 years, and 11 years wespectively, from illnesses not 
known to the patient. One brother suffered from epilepsy. The patient had 
had no illness which could account for his present cerebral disease. Seven 
months before admission cardiac disease was accidentally discovered. 

Since the middle of September, 1908, he had been troubled with headache, 
winch at first was localized above the right eye, but afterwards to the right 
temporal region and to the vertex of the head; during the last few days before 
admission it was also situated in the right side occipital region. The head- 
асге, which for a short time was severest during night, had gradually 
ine-ceased. It came on in attacks lasting, as a rule, for a couple of hours, at 
firs with intervals of two to three days, but during the last week before admis- 
sion occurred with only short remissions, of about one hour, between the 
attacks. 

For the last two weeks the patient had been troubled with vomiting, which 
hac occurred partly in connexion with severe attacks of headache, and partly 
in зоппехїоп with indigestion. During the last three or four days he had been 
sick two or three times daily. 

For about one month the patient had been troubled with giddiness, especially 
on ending forwards, and a feeling of uncertainty in balancing the body when 
waking, and the gait was somewhat staggering. One week before admis- 
sior momentary diplopia occurred, and he saw his brother with two heads. 
Once also, a week before admission, he was unable to commence the act 
of micturition. Bowels sluggish since the beginning of the illness. 

No diminution of sight observed; he was able to read easily some days 
befcre admission. 

The general condition had grown considerably worse since the beginning of 
the _llness; at first the patient was at times able to work, and even two weeks 
befcre admission he could remain out of the bed for a little while, but since 
ther he has been confined to his bed. 

Jis weight at the beginning of the summer was 70 kg. on admission 
55€ kg. He had grown somewhat dull and his memory had been getting 
zracually worse since the beginning of the illness. He was admitted to the 
medal clinic on October 31, 1908. 

Condition on admission: Lacks initiative and answers questions slowly; 
30 real blunting of the intellect can be made out, the patient, on the contrary, 
»ein3 very attentive, and on this account easy to examine. Respiration 16; 
»uls: 64 in the minute. 

He is pale and thin. Complains of headache, which sometimes increases to 
~iolent pain. There is no difference on percussing the right and the left parietal 
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region. During the painful paroxysms the patient is tender to percussion over 
tke right temporal bone and behind the right ear, and on turning and bending 
the head pain is also elicited. These symptoms disappear between ‘the 
'paroxysms of pain. e^ : А 

Taste normal The visual fields оп coarse examination unconstricted, at 
least no hemianopsia. Double ‘optic neuritis, most marked on the right 
side. The mfvements of the . eyes and the pupils normal. Sensory and 
motor functions as well as reflexes normal. The left sulcus ,naso-labialis is 
less marked than the right one. Closes the left eyelid less quickly and less 
effectually than the right one. Slight tremor of the eyelids on both sides. He 
is able to hear a watch at a distance of one meter on the right side, at a some- 
what greater distance than on the left. No difference in the perception of 
taste on the two sides of the tongue, and this applies to its anterior as well as 
to its more basal part. The left arch of the palate stands possibly somewhat 
lower, and is nob raised as high as the right on moving the palate. Glosso- 
pharyngeal intact. The tongue deviates a little towards the left. 

No signs of paresis. Tremor of the fingers. ' 

Sensibility to pain and touch normal (examined with сана ара pin). 
To the finger-nose or finger-finger test there is no ataxy in the hands ; the knee- 
heel test is also well performed. Romberg’s sign is slightly positive. He 
Goes not separate his legs unduly when he walks, but he staggers somewhat 
when the eyes are shut. , 

Arm reflexes normal, patellar reflexes brisk, especially on the right side. 
Achillis-tendon reflexes increased, slight ankle clonus on both sides. The 
abdominal reflexes equal on both sides, cremaster reflex brisker on the right side. 

November 2.—Lumbar puncture, pressure 330 mm.; the fluid contains 
1-9 lymphoid corpuscles in every 5 cubic mm. The facial paresis increased; 
no disturbance of the muscular sense of the fingers and toes.. 

November 5.—After an attack of severe headache, dynamometer right 
hand 85, left 80. The power of isolated and complicated movements of the 
fingers good on both sides (could fasten a button, &c.). 

Muscular sense: The sense of position and movement in the ован and 
wrists is considerably diminished and some uncertainty in thé elbow-joint on 
the left side for minimal movements. In the joints of the toes on the left side 
shere is some diminution of the muscular sense. ‘Touch intact in the hand, 
shough possibly some diminution laterally on the left foot (cotton-wool). 

Orientation in space : Right hand recording, iliac level, an average error of 
6'6 cm. in caudal and of 2'6 cm. distal direction; xiphoid level, 6°8 in caudal 
and 2°3 em. in proximal or distal direction. Left hand recording, iliac level, 
error 3:5 cm: in caudal and 1:5 cm. in proximal direction ; xiphoid level, 1:5 em. 
in kephal or eaudal and 1°5 ош. in proximal direction. 

The perimeter examination showed an inconsiderable cohcentric limitation 
of the visual fields on both sides, but no hemianopsia. 

November 6.—Sensibility unaffected, motility as before. - 

November 7.—Puncture of the brain over the middle frontal convolution , 
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arc over.the temporal lobe on the right side. Only a small quantity of blood 

Ww 2» obtained. i 

November 10.—After being considerably better for the last two days the 
petent is apathetic again to-day. He has headache, vomiting, and stiffness in 
tls neck, as well as tenderness over the upper cervical vertebræ. The sensi- 
biiby shows the same disorder as on November 5—i.e., an almost isolated, but 
ok vious, disturbance of the muscular sense. ° . 

November 11.—Smell and taste unaffected ;*right corneal reflex increased; 
nc hemianopsia. The left pupil 18 smaller than the right, but both react. 

November 12.—Ptosis of the right eye, the pupil being larger on this side. 
N»urly complete absence of corneal reflex. The movements of the right eye 
reluced, especially of internal rectus. The examination of the visual fields, 
wuch could be made only very approximately, seem to indicate left-sided 
hemianopsia. No paresis in the arm. 

тр the afternoon twitchings in the left shoulder (raising). At 10.30 p.m. 
unconscious. Pulse 180—200, respiration 7. 

Lumbar puncture pressure 500 mm.: 6 c.c. were drawn off, the pressure 
sinking to 170 mm. Exitus at 11 p.m. 

Autopsy by Professor Quensel (only an abstract of the report on the brain 
being here given): The tension of the dura mater is considerably increased, 
ils thickness is normal, the inner surface dry with increased blood supply. 
Round about the punctures there are small calcareous particles on the inner 
sile of the dura. 

On the convex surface of the brain the gyri are flattened on both sides to 
abouv the same degree, the sulci being almost effaced. The right lobus 
temporalis considerably enlarged and much broader than normal, and of 
fluctuating consistence. The lateral ventricles empty and not enlarged. 

The brain was hardened in formaline, and, after the hardening, was examined 
by the author in frontal sections. Pathological changes were not found until a 
fre mtal section, lying 7 em. behind the frontal pole and 2°5 cm. behind the apex 
of the lobus temporalis, was reached. In the external part of the medullary 
stkstance of the first temporal convolution in this section an area was seen 
1i em long and $ em. broad with the greatest extension in horizontal direction, 
of somewhat softer consistency and of a yellowish colour. This area reached 
tle cortex but did not involve it: 75 and 8 em. behind the frontal pole the 
discoloured area was 2$ cm. long and 1 em. broad. The colour was here more 
yellowish-red. In the centre of this discoloured area, around a longitudinally cut 
blood-vessel, a hemorrhage was seen with its largest diameter in the horizontal 
dizection, 8'5 cm. behind the pole of the frontal lobe, there was a hsmor- 
rimge 4 ош. long and 1'4 em. broad, with the greatest extension in the hori- 
zcutal direction, occupying the white substance of the superior temporal gyrus, 
wach was here considerably enlarged, as well as the central part of the lobus 
temporalis. Outside the area oceupied by the hemorrhage itself the white 
stxstance showed a yellowish-red discoloration, and had a somewhat softer 
ecusistency over an area about 5 mm. in width. The softening reached the 
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cortex of the temporal lobe in the first temporal gyrus, and extended to about 
$ ош. from the cortex in the second temporal convolution, sending a narrow 
prolongation $ ош. up between the cortex of the insula *and the claustrum. 
‘The softening was separated from the cornu inferius by.a portion of macro- 
scopieally normal brain substance 8 mm. wide. e nucleus lentiformis was not 
involved ; 9'5 em. behind the anterior pole of the lobus frontalis the hemorrhage 
is 1'5 cm. тозӣ and 5 em. long, otherwise as before, 10°5 em. behind the frontal 
pole the white substance of thé temporal lobe is almost completely occupied by 
the hemorrhage, which was here 1'8 cm. broad and 5 em. long. Here the 
surrounding softening had also involved the cortex of the upper convolution, ana 
had extended laterally as far as the cortex. Оп the mesial aspect the soften- 
ing reached to 4 mm. from the cornu inferius and 5 em. from the nucleus caudatus, 
and had evidently destroyed part of the projectory tracts ot the lower half of the 
gyrus supramarginalis; 19 cm. behind the frontal pole the haemorrhage had an 
exiension of 6 em. length and 3 em. breadth. Upwards and outwards it 
wes bounded by macroscopically unaltered cortex. Internally the hamorrhage 
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was bordered by a softening more than 1 cm. broad, which reached the lateral 
ventricle. The ventricle was empty. The lesion occupied on this section the 
upper and middle temporal gyrus, as well as a narrow strip of the gyrus angu- 
laris; 13 and 14 em. behind the apex of the lobus frontalis, the hamorrhage was 
considerably less extensive, being only 2 and 1'5 em. long and 0'8 and 0'5 cem. 
broad. It was still largest in the horizontal direction. It was situated to the 
outer.side of the ventricle, and separated from it by an area 4 cm. broad, 
which was softened down to the tapetum; 16 cm. behind the frontal pole, on 
the lateral side of the cornu posterius, there was a softening of about 1 cm. 
diameter. 17 em. behind the frontal pole the surface of the section appeared 
normal. Р | 

To the naked eye there thus appeared to be a .hemorrhage within the lobus 
temporalis 7, 6, and 3 em. respectively in sagittal, frontal, and vertical exten 
which was surrounded by an extensive area of softening. The parts which 
‚теге destroyed by it and the surrounding softening were the first and a greas 
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petion of the second temporal gyrus, the lower half of the gyrus supramarginalis 
arl angularis, as well as a small part of the insula. Macroscopical examination 
di. not reveal any tumour, and the microscopical examination of several pieces 
frcm the brain-substance surrgunding the hemorrhage showed a softening only 

Microscopical examination was made of the portions of the gyrus centralis, 
пезгез the lesion—i.e., their lower third—also of the gyrus supramarginalis and 
of the gyrus angularis and of the insula; the superior, middle, awd inferior part 
of the basal ganglia and capsula interna were &lso examined microscopically. 
Tke gyri centrales and the basal ganglia, as well as the capsule, showed no 
changes. At the bottom of the fossa Sylvii there was a small hemorrhage, 
surrounded by a narrow area of softening, which also involved the claustrum 
to a small extent. 

The softening in the gyrus supramarginalis was more extensive when 
ex.mined with the microscope than it appeared to be to the naked eye; the 
projection tracts of almost the whole of its lower half were destroyed. The 
nucleus caudatus was unaffected, as well as the upper part of gyrus supra- 
marginalis and the gyrus angularis. ' ; 


The previous history pointed directly to a tumour cerebri with severe 
general symptoms and rapid progress. The symptoms in the order in 
which they appeared were: (1) headache, coming on in attacks with 
alvays shortening intervals; (2) giddiness, especially when bending 
forwards, and a staggering gait; (8) vomiting, partly in connexion with 
atzacks of headache and partly in connexion, with indigestion; (4) 
momentary diplopia and sphincter trouble. In spite of a marked optic 
neuritis at the time of admission, the sight was so little affected that the 
pasient was able to read till shortly before admission. To this was added 
loss of strength and a certain amount of psychical impairment, and 
during the last course of the illness diminished muscular sense of the 
arm and foot, and paresis of the face, the oculo-motor and trigeminal 
nerves. 

Post-mortem there were, however, no signs of a tumour, and only a 
large heemorrhage was found. The presence of the hemorrhage from the 
time of onset can be excluded by the clinical course of the case. On the 
other hand, there may have been a tumour with a secondary hemorrhage, 
for iz is well known that in certain cerebral tumours, especially gliomata, 
it may be very difficult to discover the new growth under such conditions. 
Tkus the fact that post-mortem no tumour was found cannot be regarded 
as of great importance, as the illness presented all the characteristics of 
& cerebral tumour ; the diagnosis tumour must consequently be considered 
јадеа. 

Evidently the original lesion was less extensive than “that 
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found after death; one cannot judge of its actual dimensions, amd 
consequently of iws situation, within the area invajved by the lesion . 
found after death. But, as the middle and posterior part of the temporal 

Ісре were destroyed by heenforrhage and deas of softening, it seems 

clear that the seat of the tumour was probably here, and consequently it 

may have affgcted the centre for the hand from behind and below. This 

view is supported by the ѓа® that hemianopsia was Hee before any 

signs of paresis of the arm appeared. 

The fact that the sensory disturbance was limited to к defect of 
muscular sense in the arm and foot seems to me of special interest. 
These sensory symptoms were associated with attacks of grave general 
cerebral symptoms similar to those in a case described by Binswanger. 
The ease in this respect corresponds to Case XVII. with the difference 
that in Case XVII. the lesion exercised its influence from in front, 
whereas in this case it probably affected the sensory zone from behind 
and below without directly infringing upon 1t, as the histological examina- 
tion showed that the internal capsule and the central convolutions were 
unaffected, amd only the lower part of the parietal lobe contained ап 
area of softening. - 

This case thus proves that а lesion which affects the centre for the 
hand from behind and below may give rise to disturbances of muscular 
sensibility and tc orientation in space without necessarily affecting 
motility ; further, that the muscular sense may be more readily affected 
by diaschisis than cutaneous sensibility. 

Further, this case is of great interest as it presented symptoms of 
a focal lesion in a region as "dumb" as the right temporal -lobe. 
The grounds upon which the diagnosis was made were: The marked 
géneral symptoms associated with very slight local symptoms indicated 
that the tumour was situated in a mute region; the pains in the right 
side of the head and a slight paresis of the left facial and hypoglossal 
nerves seemed to indicate that the tumour had to be looked for in the 
neighbourhood of the lower part of the motor zone; there was no reason 
to assume that the tumour lay in the frontal lobe, as the slight staggering 
which the patient showed could not be. interpreted as a frontal ataxia 
when his general condition was taken into account ; nor was his psychical 
condition ,such as one would expect to find in the case of a frontal 
tumour ; further, the absence of any disturbance of the nerves of smell on 
the right side argued against a tumour in the lower portion of the right 
frontal lobe. On the other hand, the fact that, at a relatively early stage 
of the observation, sensory disturbances of a transient nature only, it is 
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time, were observed in the hand, when its motility was not affected, was 
а reason for assuring the lesion was situated behind the motor zone. 
Such a condition, as may be gathered from the literature, is common 
in the case of lesions situated behind the motor zone, and in agreenient 
with it stand my cases Nos. XIX and XX. On the other hand, the 
absence of hemianopsia in the, presence of motor paresis, of the 
face was an „argument against a parietaletumour. A lesion situated 
behind the motor zone ought not as а matter of fact toe have shown 
its effect * only upon the lower third of this area. For this reason it 
was not hkely that the lesion was situated in the parietal lobe, but 
probably exercised its influence upon the motor zone from behind and 
below—1.e., it was situated in the posterior part of the temporal lobe. 
The basal headache might be in favour of a tumour localized to the base 
ot the brain, but a more definite argument for this localization was the 
symptoms of loss of function observed on November 11 in the trigeminal 
and oculo-motor nerves. Lastly, the hemianopsia unassociated with 
lcss of power in the arm strengthened the supposition that it was the 
posterior part of the temporal lobe that was the seat of the tumour. 


CASE XXIL— K. E., aged 64, housewife, [Abstract of notes by 
Му. Moller.] 

No previous illness of interest. On January 27, 1908, a sudden attack of 
twitching of the left arm and the left side of the face which began in the hand, 
passed up the arm and involved the cheek: the twitchings were said to have 
been felt only, not seen. She had five such attacks on that day. They were 
not attended by headache, vomiting or giddiness, nor by paræsthesiæ or pain. 
In the evening of the same day weakness of the left arm; on the next day 
she was unable to perform any finer work, such as knitting, &c., and could not 
fasten a button with her left hand. Her condition remained unaltered till two 
days before admission, when the left leg also felt weak. Nevertheless, on 
Febrnary 4 she walked to the hospital, a distance of 15 kilometres. She had 
been up and about the whole time and partly working. 

February 5.—On admission mental state natural. Subjectively she feels 
well, no headache or giddiness. A feeling of weakness of the left arm and, to a 
lesser degree, also of the left leg. No hemianopsia; fundus oculi normal on 
heth sides. 

Tactile sensibility in the area supplied by nervus trigeminus somewhat 
uncertain on the left side (hard touch with a camel’s-hair brush). She could 
düferentiate between the head and point of a pin, but describes the impressions 
as being weaker than on the right side. 

February 9 to 12.—The general condition of the patient much the same. 
Onlv complained one day of aching in the left foot. Slight concentric limita- 
tion of the field of vision. The left corner of the mouth hangs a little ‘lower 
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than the right; the tongue deviates somewhat to the left. The left arn. 
immobile, flaccid, cyanotic, edematous; it feels warmer gban the right one 
bus is very flaccid. 

From about the knee downwagds she does not,feel the camel’s-hair brush or 
a pin«priek ; above the knee subjective diminution. On the left hand impair- 
ment of tactile and painful sensation to examination, subjectively on the whole 
arm. e ә 

On February 11, gs Ње patiént was sitting in a chair, she sudgenly fell with- 
ou; losing consciousness. There was no immediate paralysis, byt on the 
following day the left arm was immobile and the left leg weak. 

February 13.—During the night severe headache. In the morning о: 
February 13 a fit lasting; twenty minutes; the patient did not lose conscious 
ness. During the attack convulsive movements of the left’ arm, leg, anc 
lef; side of the face, and the head moved to the left side. The convulsion: 


‘were short and so violent that the’ patient shook the bed; the fits came or. 
‘three times that day, but lasted only a few minutes. The left leg wax 


pazetic; the left eyelid was less tightly closed than the right one, and the 
wrinkles of the left side of the forehead were almost obliterated.  Distinc! 
paresis of the lower part of the face; the tongue deviated markedly tc 
the left; left-sided hemianopsia. Speech slurred but intelligible; cranial 
nerves otherwise unaffected. г 9 

Later there were occasionally slow involuntary movements of the left -upper 
limb consisting of abduction of the arm and flexion of the elbow-joint. 
Range of passive movements natural, but there is a trace of rigidity of the 
left arm and great ‘imitation of active movements; the arm can only witk 
difficulty be placed on the head. Extension and flexion of the left elbow-joint 
weaker than that of the right. With the dynamometer no difference as regards 
the two hands, but a squeeze of the left hand feels weaker. Electrical re- 
actions normal. Stazes that the current feels stronger on the left side. 

On the left arm the patient feels a light touch with camel’s hair brush dowr 
to the wrist; she states that at times a fouch feels weaker on the left forearm 
than on the right. А touch is not felt on the ulnar half of the dorsal aspect о! 
the left hand nor on the palmar aspect to the ulnar side of the middle finger 
Or other parts of the hand, too, a touch is said to be weaker than on the right 
Recognises the difference between the point and head of pin on the left arm 
bus is somewhat uncertain on the hand. Describes the impressions as weaker 
on the left side. Localization, good. 

When the patient is asked to place one of the fingers of the left hand or 
the nose, this movement is performed in a fumbling and awkward manner 
The patient is unable to recognize the direction of passive movements of the 
joints of the fingers of the left side. A similar degree of uncertainty exists ir 
the left wrist, whereas movements of the elbow-joint are recognized. The 
patient is unable to distinguish between different objects such as a key and = 
knife with the left hand, and is unable to knit or fasten a button with ib. 

Sénse of temperature impaired; the patient is only able with difficulty to 
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distinguish between cold and warm water on the left arm and hand. The 
im=ressions are said to be weaker on the left side. 

The bieeps- and triceps-reflexes brisker on the left side. 

February 14.— Urine and feces pass in the bed. Stuperose and does not 
respond to speech, or recognize her husband. She was unable to swallew in 
th: evening. Death on February 17. 

Post-mortem.—On opening the cranium the dura mater was foand terse. On 
th right hemisphere a projecting area yieldinf more to pressure than other 
pacts of the brain and extending from the fissure of Rolando abéut 6 em. in a 
dirsetion backwards. On incision this area was found to consist of a суу 
about 44 cm. deep containing thin blood as well as a blood-coloured mass 
тро .teriorly. The brain substance which formed the bottom and walls of the 
caty showed distinct signs of softening. On opening the right lateral 
vea:ricle this contained a large quantity of fluid blood, and was much 
Яа еа. Immediately behind the centre of the corpus eallosum on the right 
sice a yellowish discoloured area of about the size of a sixpenny-piece. On 
inspecting the brain, blood was seen to emerge from the optic tract. The 
weight of the brain was 1,360 grm. In the hardened brain the diseased area 
wee found to communicate with the ventricle at one small place. 


The case is one of a patient who had repeated fits. The first was 
praceded by phenomena of irritation, repeated twitches, which were so 
fecble that they could be felt but not seen, but which were nevertheless 
ex;ensive. This contrast between the extent and severity of the motor 
symptoms makes it probable, especially considering the absence of 
gezeral symptoms, that at this time there was no gross vascular 
lesion, but merely a disorder of nutrition within the motor zone. 
Lier there was an intense but temporary paralysis, and after a further 
Jacksonian fit on February 18, a very irregular loss of function— 
namely, a motor paralysis in face and tongue, a sensory paralysis in 
hend and fingers, especially of muscular sense, a left-sided hemian- 
opia, and, finally, a motor paralysis combined with phenomena of 
irri:ation in the shoulder- and elbow-joints. Finally, another fit was 
folowed by severe progressive paralysis of the whole of the left side. 

From the history it is evident that the large lesion found post- 
mortem cannot give any further information as to the site of the lesions 
thas occasioned the earher fits. It is, however, evident that the 
gyrus centralis anterior—that is, the motor zone—cannot have been 
in7olved in the early lesion; and, considering the simultaneous hemian- 
орэза, it is obvious that the lesion of Fébruary 13 was situated within 
the region between the gyrus centrals anterior and the occipital lobe. 

It is certain that the lesion found at the post-mortem examindtion 
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developed or extended considerably after February 18; for symptoms of 
so moderate intensity and extent as. those observed at that time axe 
incompatible with a vascular lesion, of that extent. 

A full examination of the brain could notebe made, as in consequence 
of a'ioo long treatment with Müller's solution it had become brittle. 
The cage is of value chiefly from the clinical point of view, but it == 
important that the lesion was:demonstrated behind the sulcus Rolandi— 
. that is, behind the motor zone. 

It is interesting that the partial distal. hypesthesia was of an ulnar 
type in this case as well as in Cases XIIL., XV., XVI., and the reverse cf 
that found in Case V. 

-The normal power of localization in spite of the disorders of tke 
uncomplicated cutaneous senses is absolutely at variance with шу 
experience from other cases, but I cannot enter upon that matter, as ro 
further particulars are recorded in the notes made at that examinatior. 


CHAPTER IV.—THE SENSORY IMPAIRMENT DUE TO CORTICAL LESION:. 


$ 1.—Sensory Impairments n General. 


The sensory impairments following а cerebral lesion have formed 
the subject of detailed investigations to а much less degree than th» 
disturbances of motility. Their significance to the patient is less 
ominous; they frequently pass away and, not least, the circumstance 
that they are much more troublesome to examine, fully: explairs 
this neglect. Moreover, it cannot be denied that а minute examine 
tion of a case of cerebral hemiplegia with regard to sensory ‘functiors 
may be sorely trying to the patience of the doctor as well as of the 
patient. Still, even if the statements diverge greatly with regard to 
many important details, all observers seem to agree on several of the 


main points. (Aba, Brécy, Dejerine [48], Henschen, Long [118 , 


Monakow [141], Miiller, Oppenheim [158], Verger [218, 219].) 

Firstly, with regard to total lasting hemianesthesia, taken in the 
strictest meaning of the word, it seems certain that it must be very 
rare if it exists at all, except in association with hysteria; whereas, 
on the other hand, slighter, incomplete and partial, as well as diss 
ciated sensory defects are common. 

I will discuss first the sensory impairment which follows a lesion 
within the boundaries of the internal capsule, since these are the best 
known and studied on account of their intensity and wide extent. ‘Ot 
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ог tvanty-six cases of residuary hemiplegia I myself have found evident 
sene of impairment of superficial, as well as of deep sensibility, 
ir rzneteen cases, and in the remaining seven Т was unable to 
e-;uie changes in sensation on accounteof the inattentiveness of the 
p.vent. Immediately after the onset of the hemiplegia one sometimes 
finads, according to opinions prevalent in the literature (Müller, Monakow, 
Verger, Dejerine), a total hemianesthesia and hemianflgesia of the 
p«rysed side, extending even to the mesial parts pf the non- 
р«гэ!уѕеа® side (Dejerme), or to the distal parts of the lower 
extremity of the non-paralysed side (Muller). More often, however, 
&:5"ding to the same accounts, it is more common for the anesthesia 
tc: be total and complete, as far as tactile sensation is concerned, whereas 
paia‘ul sensations are not entirely absent on the paralysed side, although 
a powerful stimulation, or even a summation of stimuli, may be 
n3cezssary to reach consciousness or to give rise to a reflex movement 
(s[arie and Guillain). Should the patient react to the painful stimulus, 
it sometimes happens that, although he complains of no real pain, 
he becomes restless and excited without being able to account for this 
condition (Müller). 

his initial, deep hemianesthesia coincides in time with the initial 
lrnp paralysis, and has been placed side by side with it by Monakow. 
Accaæding to this author, both are due to a functional disjunction of the 
recron-chain, a “ Kontaktlockerung." 

iven when the initial sensory disturbance has been of such 
inzensity, 1t becomes permanent in an exceedingly small number of cases 
oaly excepting where a superposed hysteria gives rise to an anesthesia. 

eypesthesia on the Healthy Side.—A slight encroachment of the 
ssuscry disturbance upon the central parts of the “healthy” side is 
псі seldom observed in the case of total hemianssthesie (Dejerine). 
Eurier, Friedrich Müller in two cases (his cases Nos. 6 and 11) of 
c2recral hemianesthesia, neither of which seems to have been of cortical 
o74sm, has been able to ascertain the presence of hypsesthesia in the 
ste. parts of the lower extremity of the non-paralysed side, at least 
vik regard to cutaneous sensibility. 

Za two cases of capsular lesion with hemiplegia and hemianssthesia 
(“ees I. and ТТ. of this paper) I have had opportunity to make a similar 
acservation, viz., in Case I. a transient hypsesthesia of the mesial parts of 
iie crunk on the healthy side, as well as a hypsesthesia of the lower 
extremity of the non-paralysed side remaining for some time, and in 
Case II. a very moderate hypesthesia of the sound lower extrémity. 
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Further, I have lately had an opportunity to observe a young patient, 
aged 80, with an intense hemiplegia, and anmsgthesia due to a 
cerebral embolism. In this case there remained, two weeks after the 
onset, at the time of my first examination, basides total paralysis of arm 
and leg, paresis even of the upper part of the face and forehead, as well 
as of the muscles of the trunk, chiefly on the right side; the strength of 
the left arm and leg was certeinly not appreciably reduced. Besides this. 
a high degree of anesthesia was here present, reaching оп the trunk 
8—4 cm., in the face 1—2 cm. on to the non-paralytic side. There was 
no anesthesia of the left foot. Three weeks after the onset the con- 
dition remained on the whole unaltered, with the exception that. the 
paresis of the trunk had diminished. The reflexes were unaltered on 
the left side, increased on the right. Further, in a case of cortical 
sensory-motor monoplegia (Case XIIL), I have also found a reductions 


. of the muscular sense in the hand of the healthy side. 


Fr. Müller considers that this distal hypesthesia of the non- paralysed 
side is due to a double cerebral innervation, and his case supports such 
a supposition ; here the paresis had affected the muscles of the trunk on 
both sides, and the knee-jerk was also exaggerated on the nón-paralysed 
side. То this an objection might, however, be made., In my Case I. the 
ansesthesia extended partly to the mesial parts of the non-paralysed side 
of the trunk, partly to the distal parts of the lower extremity of the 
same side. If the cause of the hypesthesia were the same with regard 
to both areas affected, the retrogression of both ought to go оп ће same 
lines. This was, however, not the case. With regard to the trunk, the 
anssthesia of the mesial parts of the non-paralysed side quickly disap- 
peared. Next the sensibility of the paretic side also quickly improved, 
and this restoration progressed on the paretic side m a lateral direction 
This is: exactly what one would expect in the case of a bilateral innerva- 
tion, such as most likely exists with regard to the mobility and sensibility 


. of the trunk. 


As far as the lower extremities are concerned, it was the distal part 
of the non-paralysed leg which was affected by the anzesthesia, both in my 
Cases I. and П. and in Müller's cases. Consequently it ought to be these 
that were innervated bilaterally ; but here the improvement progresses in 


'& distal direction both in the paretic and non-paretic side—i.e., the 


parts with double innervation would seem to show less tendency to 
repair. Such a supposition is very unlikely. Му case just mentioned 
showing a paresis of the trunk and anesthesia of the mesial portions of 
the tfunk and face on the non-paretic side, but at the same time normal 
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sensibility in the foot, speaks also to a certain degree against the view 
held by Müller. 

The same apples, according to my opinion, to a case like No. XIII. of 
mv series. The bilateral sensory disturbgnce had in this case affected 
the upper extremity, too, but here it was the muscular sense of the 
healthy hand that was affected; and when dealing with the hand, 
especially with a function as specialized as, the muscular*sense; all our 
other experiefice prevents us from assuming a double cerebral innervation. 

A platsible explanation can be found by assuming not a bilateral 
unnervation but a bilateral lesion, that in the “healthy " hemisphere 
being of a relatively slight and transient nature. It is evident that in 
connexion with an apoplexy due to а hemorrhage or thrombosis, the 
cerebral circulation might be unfavourably influenced far beyond the 
real extent of the lesion and-by such means might give rise to a diaschisis 
effect. A process hike this is likely to influence sensibility also. If such 
if the case, it is not unlikely that a disturbance of the central apparatus 
of this kind would first of all manifest itself in such places as the distal 
parts of the lower extremities—especiily in elderly persons—already 
pkysiologically provided with less acu!» sensibility. In the two cases 
where Miiller observed a distal Бура thesia on the healthy side, the 
patients were about 60 years of age, aul in the Cases I. and IL, in which 
I myself found the above-mentioned ѕу\аріот, one was a drinker aged 66, 
and tae other an arterio-sclerotic patiént of 74. As a contrast to this 
stands the last case examined by me, a yeung patient without any signs 
of arterio-sclerosis, showing a considerable hypesthesia of the mesial part 
of the trunk on the healthy side, but no dist hypesthesia of the leg. 
These facts seem to me easy to combine with tl supposition of a double 
lesion : 

The primary anesthesia is, however, as a Anot complete, and 
generally less intense in the mesial and proximal than in the lateral 
and distal parts, and most marked in the extremity, the motility of 
which is more paralysed—i.e., as a rule, in the arm, especially in the 
hand. When the disturbances begin to retrogress, which at first 
usaclly takes place quickly, the restoration of the function begins in the 
pazts situated nearer the middle line or more proximally. 

Tke sensory disturbances persist a long time in the distal parts, 
especially of the upper extremity, but may finally disappear even here. 
The rule is, the more extensive a sensory disturbance the more intense, 
and vice versa ; this was demonstrated by my Cases I.—V., in which а 
sensory disturbance situated in the harid only was not complete, at*'east 
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as far as cutaneous sensibility was concerned. During the early stage, 
as well as during the further course, the disturbances „рећахе differently 
with regard to the different qualities of sensibility. "Where tactile 
sensation is being restored, а process whigh starts near the middle 
line proximally and progresses towards parts situated more distally 
and laterally, one finds according to the localization and intensity 
of the “disorder and accordang to the length of time since the onset 
of the injuxy all quantitative degrees, from insensibility to even a 
herd touch (as in my Case IL), to slight reduction (as in my Cases IV. 
and V.), or even sibjective diminution of sensation only. Besides this, 
as pointed out by Verger and Müller, a qualitative disturbance is often 
found, the patient being unable to recognize the nature of the stimulus. 
Under normal conditions, when testing painful sensations quantita- 
tively by means of Thunberg’s or Alrutz’s algesimeter, one always gets 
а sensation or touch with less weight than that necessary to elicit pain 
—i.e., when apply:ng methods suitable for the examination of painfül 
sensations, the liminal intensity 5f the sense of pain is higher than that 
of the sense of touch. When thy lesion lies in the spinal ganglia (herpes 
zoster) the disorders of tactile j nsation have, at least on the trunk, a 
greater power of compensation i consequence of an overlapping supply 
than have disorders of the sense ¢f pain (Petrén and Bergmark). In the 
case of a cerebral lesion matters # те different. The sense of pain, when’ 
tested with a pin, may be found Lntact.or only shghtly affected in parts 
where tactile sensation is highly reduced (see my Cases ПІ. and IV), 
just as its restoration, as I takes place quicker (my Case I.), and on 
the whole the disturba is less extensive than that of ihe sense of 


touch. These rules, ever, are far from being without exceptions, 
Thus Gordon more found disorders of the sense of pain than of 
the sense of touch, fn my Case V. the disturbance of painful sensa- 


tion was more extensivé than the hypsesthesia. Further, Müller occa- 
sionally observed a certain degree of reduction with regard to faradaic 
painful stimulation and was able to demonstrate this for months after 
the onset of the lesion. The disturbances of painful sensation are, how- 
ever, accczding to my experience, rarely of any magnitude during the 
leier stages, and = complete analgesia of even the distal parts is very 


' тате. 


Hyperalgesia of the Paralysed Side.—Besides the symptoms of lost 
function, one finds also phenomena of excitation on the part of cutaneous 
sensibility such as paresthesie or spontaneous pains in the paralysed 
side “(Edinger [59], Schaffer [183], Henschen). Sometimes also 
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ayjeralgesia ıs found, with summation of stimuli (Friedlander and 
3cklesinger, Long), -so that a touch or a light prick is perceived as 
lea pain, or, at least, is more uncomfortable to the feeling than on 
"he other side (Fr. À 116). As no determination of the liminal 
-alues seems to Hes been made in these cases, it may be of 
micrest to know that iM those two cases of capsular lesion where I 
zouud similar though not very marked phenomena—in the one (Case V.) 
= sight degrée of hyperalgesia, in the other case (Case І) after- 
sensations 9f a more troublesome: nature—the hminal intensity was not 
zelow normal, but, on the contrary; was somewhat higher than normal 
for she superficial sense'of patn. In the cortical Case XIII. the liminal 
~alce was higher on the hypéralgetic side. 

The expression “ hyperalgesia” consequently is somewhat improper 
ri these cases, as such a name would imply a lower value of the hminal 
micnsity than normally //Petrém and Carlström). Still, in my cases, the 
Lvperalgesia was very slight only, but it seems to me not without 
Eterest to examine cases showing a higher degree of hyperalgesia 
vita regard to nis point. I may further add that, in a case of tumour 
ia the thalamus with severe spontaneous pains in the hemiplegic side, 
‘to find any signs of hyperalgesia at all in the course of the 
cadimary exa mination with a pin. 

Jther Worms of Sensory Impairment.—The thermal senses I have not 





" "X 5a Th detail nor do I intend to dwell on their behaviour in cases 


of zentral paralysis, the more so as opinions diverge on this point. 
7r. Müller, for instance, found them more affected than the common 
acule sensation, whereas Verger only rarely found any. impairment. 
Ээп the sense of heat is, according to Henschen and Fr. Müller, more 
4ffected than the sense of cold. | 

I have here briefly referred only io disorders of the “ simple” 
sttaneous sensations, and their.occurrence in capsular lesions and in 
zereral. The impairment of the more complicated functions, the power 
of ocalization and the muscular sense is, as а rule, still greater, but in 
»rder to avoid reiteration, it may be as well lightly to touch upon them 
n “his connexion. 

As mentioned in the chapter on methods, I have in my cases made 
1 more thorough examination of the power of lucalizing a touch. This 
unction may be fully extinguished immediately/after the onset of the 
zapsular injury (Fr. Müller), the patient havuig no perception at all 
of ovality, not even,a wrong one. Later оп, perception of locality 


-ebirns—maybe only of a very uncertam kind! Thus Schaffer [184] 
звао —VOL. XXXI. . 98 
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describes a case of uncomplicated. circumscribed capsular lesion where 
the patient localized a touch on the lip to the leg, &c. Similar cases 
have also been observed by Oppenheim [158], and an atopognosis of 
a marked degree, even if noteas paradoxical,as the above, is mentioned 
by several authors. 

Müller, for instance, relates that after a ааа stimulation the 
patient often localized the pein to the extremity asa whole. An atopo- ° 
gnosis very irregular as regards its direction has been demonstrated by 
several authors. In other cases, again, a certain degree of regularity 
of the atopognosis was noticed, the patient Jocalizing too far proximally, 
as has been pointed out by Verger шву, Müller, Schittenhelm and 
Sandberg found greater disturbances w, s ith regard to localization only 
in cases where the respective cutaneoyis sensation: was itself affected. 
The rule is, however, that, in connexion-wwith capsular lesions, tactile 
sensation presents long-lasting disturbance in\the distal parts; and 
here disorders of localization, even severe ones, ae, according to my 
experience, the rule. Such disturbances were found}, however, outside 
the area showing disorders of -tactile sensation, a fact Which seems to 
agree well with common шы To this point also МЇ shall return 
later. 

The deep sense of prossime, to the importance of whi h especially 

Strümpell [206] has called attention, may, according to this authority, 
present grave disorders in connexion with cerebral lesions withoüt any a 
affection of tactile sensation, the patient having no perception of a 
hard pressure directed against underlying structures—such as muscles, 
fascia, periosteum—although a superficial touch can be perceived. 
Fr. Miiller was unable to prove this, but, on the other hand, the opposite 
condition was not uncommon—viz., pressure was correctly appreciated 
while the touch was not felt. My own experience goes in the same 
direction. 

The deep sense of pain (Liepmann [116]) was found absent in a case 
of infantile hemiplegia, the superficial sense of pain being intact. 

According to the almost unanimous opinions expressed in the latest 
literature, the various functions having reference to the perception of 
muscular sensation and position are most severely and lastingly affected. 

Both with regard to the simpler and, above all, the more complicated 2 
functions, disturbances often remain for a long time after the restitution 
of other sensory disorders, thus constituting what Verger called a 
* hemianssthesia forme fruste.” . Stereognosis especially is, as a rule, 
severely affected. I must, however, point out that one author (Gordon) 
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has arvived at another result ; he found disorders of cutaneous sensibility 
in thirty-two, and of muscular sensibility in seventeen cases, out of 
thirty-five. Even "granted that in several cases the cutaneous disturb- 
ances were slight, and di not imply allethe-qualities, still this result 
s;ands alone. ° 

Further, the ана t- of muscular sense, is most intense and 
remains longest i in the distal parts, but mayedisappear in very old. cases ; 
ihis applies efen to the astereognosis (Long [118], Marie and Guillain). 
This occuts, however, in very rare exceptions,‘and a man with an 
azperience of the pathology of the Peat such as Monakow [140] even 
Joubts such a possibility. - 


$ 2.—Sensory Disturbances after Cortical Lesions. 


Verger has pointed out:that-the sensory disturbances found after: 
sortical and capsular lesions do not present any differences in principle. 
This statement І can. fully endorse as far as qualitative ‘differences of 
shog sensory functions are concerned, with which I deal in this paper— 
namely, tactile and painful sensations, power of localization, and percep- 
sion of passive movements. With regard to frequency and distribution, 
эл the other hand, essential differences occur. = 

First of all, it appears, from the literature that in cases of cortical 
-nomoplegia sensory disturbances may be absent. : Also in a few cases 
э? old hemiplegia, Long, Marie and Guillain have, as above mentioned, 
Saund even the stereognostic function intact, but this probably happens 
"n an exceedingly small number of cases and-ó Bl when the hemiplegia 
.& of lang standing. 

When we have to deal with ‘cortical lesions, due stand differently. 
ere motor disturbances may take place without simultaneous sensory 
disturbances, as has been shown by Mills, Monakow, Müller (see 
Zhapiter V). How common such an isolated motor paralysis may be 
с cannexion with a cortical lesion it is of course impossible to decide. 
According to my experience it would not seem by any means а rare 

sking, as in several cases (Cases VI.—XII.) I have found it in connexion 
with rxonoplegie paralyses. True, the localization was in one only 
verified as cortical by post-mortem examination, but on account of what 
I have said when discussing. the cases the diagnosis of a cortical lesion 
would seem well founded. = 

By the side of these cases stands, on the one hand, Case XVIIL., where 
3 distinct but slight sensory impairment of the fingers passed off during 
she time of observation,-a pure motor paralysis only remaining. Ой Ње 
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other hand, we have Cases XVI. and ХУП. showing at first no sigrs 
af any sensory affection, but, where later on disorders of sensibility 
were added to the motor paralysis, in consequence of fresh lesions ; 
and, lastly, Case XV., in which the sensomy disturbance after a 5. 
lesión extended to а part previously relatively unaffected. 

Ini several cases of cortical monoplegia I found the functions of 
igütanecua sensibility whicheI have examined, as well as the muscular | 
sense, to be fully intact in spite even of a highly developed paresis. 
And since in making these examinations I have been атп to tke 
physiological liminal value both as regards ‘cutaneous and muscular 
sense, this dissociation is at the same time strictly proved. 

But the reversed condition may take place in connexion with cortical 
lesions—viz., that the motility may remain intact or almost intact, whilst 
the sensibility, and especially the muscular sense, and co-ordination moy 
be affected. Cases of this kind have been clinically investigated by 
Wilbrand, Lang, Henschen,.Jany, Müller, Stauffenberg and others, and 
in the chapter on localization .which follows I shall allude to several 
such cases where the localization of the lesion was ascertained at the 
‘autopsy or during trephining. 

To these cases from the literature I can add three of my own—viz., 
Case XIX. showing disorders, especially of the muscular sense; Case XX. 
showing disorders of cutaneous and muscular senses; and Case XX_., 
where on account of remote action an ‘almost isolated affection of the 
muscular sense. appeared, without paresis. In these cases the position 
of the.lesion was ascertained post-mortem. In the former two cages 
she lesion lay behind the central sulcus, in the last case in the temporal 
tobe. In none of them was the capsule affected. The same applies to 
Case XXL., which, however, on account of a fresh lesion, showed later 
motor disturbances also; here, ће localization and extent of the origiral 
lesion could not be determined. 

From this it follows that in cases of cortical lesions the motility or 
the sensibility may be highly affected separately, even at an early stage. 
And my cases go to show that the degree of paralysis present is of ло 
importance with regard to the question whether phenomena of lust 
function are going to develop within either or both functions. 

With regard to capsular lesions it is somewhat different, and to prcve 
this I need only refer to a number of carefully investigated cases relaved 
by Henschen, Dejerine, Long and Müller, which all show that, with the 
exception possibly of very old cases, both motility and sensibility cre 
affected in capsular lesions—a fact which fully agrees with my experierce 


2 . 
s S 
e + 


CEREBRAL MONOPLEGIA 419 


"rom cases of a typical hemiplegia. Of these it thus holds good that 
sersinility and motyity are simultaneously affected. 

I shall not here discuss the anatomical. substratum underlying 
-spstlar sensory disorders,*but content myself with referring to the 
~ceocnis given by Henschen, Dejerine [47, 50], Long [118], and Müller, 
vach, as far as I can find, do not puppart the doctrine, of caerefour 

-n iif of Charcot. 

On the other hand, there is no reason why a cortical lesidn, either at 
whe beginning or later, should not affect both sensation and motion, 
elckough either may be affected alone. As this cannot occur as a conse- 
cce e of capsular lesions, we have here an essential difference which is 
cf importance in aiding the topical diagnosis. 

Ancther difference between the sensory disturbances attending cortical 
end capsular lesions is the extent of loss of function. Then both the 
nomor and sensory tracts have their extensive cortical projection and 
tior narrow passage through the capsule. Just as on the motor side 
= monoplegia is characteristic for cortical lesions, and a hemiplegia is 
more оеп the result of а lesion involving the capsule (although it may 
aitend either of them), so we find in cases of sensory disturbances 
ixoLo-anssthesia (hypesthesia) to be characteristic for cortical lesions, 
vhereas hemianssthesia (hypssthesia) appears more often in connexion 
viz capsular lesions. 


(a) The General Distribution of the Sensory Impawment. 


“he general distribution of the impairment of sensation is, as a rule, 
a kypesthesia increasing distally and laterally, analogous to the distribu- 
ton of the motor disturbances in ordinary cases. Still, I have elsewhere 
taec to show that in cortical lesions this distal type of paresis is not 
uawrsal, cases having been described, although of relatively rare 
oscurrence, in which the paresis has been more pronounced in the 
ncr proximal parts of the arm than in the hand; such a paralysis 
ie foand in a case related later on (Case XXIII., p. 467). R 

7V:tà regard to sensibility, Schaffer [184] has pointed out that 
scrsaton is not always most affected distally, a polyinsular anesthesia 
scia=tames occurring. Cases of this type have been recorded by 
Vernicke with distal, transient anesthesia leaving permanent anæs- 
1 єз c patches on the upper arm; by Мах Lowy with impaired sensibility 
tc “cust, temperature, and pain in the middle of the thigh on its external 
arpest; Gros with anssthesia of the thumb, index-finger and fossa 
згіза; hy Berger anesthesia of the hand, hypesthesia of the arm, 
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and of the parts supplied by the trigeminus; by Dercum and Keen, 
hypssthesia over the internal surface of the thigh and calf of the leg, 
with astereognosis of the foot. Besides this, cases have been, published 
by Gtr&ussler and Benedict'showing a raflicular type of anesthesia, 
which they consider to indicate a cortical representation of the spinal 
segments. ! ° 

Lastly, it may be poinfed out that Oppenheim [158], Pick, Noth- 
nagel [151], and Bramwell mention an anssthesia following a cerebral 
lesion which follows fairly closely the distribution of the peripheral 
nerves ; ш the two former of a radial type, in the two latter of a median 
type. . These cases, consequently, show that the sensory disturbances 
need not in every case constantly increase uniformly in a distal direction, 
at least not as far as cutaneous sensibility is concerned, The impar- 
ment of the muscular sense, on the other hand, is, as far as I have been 
able to gather from the literature, always most pronounced distally; and ` 
` I have no observation of my own where any disturbance of the one ог 
the other sensory function was found with certainty to be more marked 
proximally. The condition in Case XVI., where the muscular sense of 
ihe wrist-joint was affected although the muscular sense of the thumb 
and index-finger remained intact, is most likely accounted for by other 
factors, as will become evident later on. 

The rule is, that the impairment of cutaneous Senb is most 
marked distally—i.e., in the hand or the foot—but both in the case of 
motion and sensation it may happen that the disturbances are mere 
` marked on the one half of the hand than on the other. 

Mills and Weisenburg have related three cases showing impairment 
of the cutaneous and muscular senses with astereognosis and ataxia of the 
three ulnar fingers, and one case with transient paresis and paresthesia 
of various fingers, and reduced sensibility of the ulnar half of the hand. 
Similar cases have also been described by Wichura with transient 
anesthesia on the radial side of. the hand; by Fischer, anssthesia to 
touch and pain ір the three ulnar fingers and the ulnar side of the hend 
and.forearm, with diminished perception of position and localization in 
the three ulnar fingers (the author, however, attributes these to hysteria). 
Kramer described hypesthesia and atopognosis of the three ulnar 
fingers, reduction of the muscular sense of the index and middle fingers. 


1 This theory i is adopted by Lowy (on account of two clinical observations); by Muszens 
(on, account of the behaviour of the sengbility in connexion with epileptic fits) ; by Hocsley 
and Russel (on account of the pre- or post-axial atopognosis) It would, however, go berond 
the limits of my investigation to enter upon a critical examination of this question. 
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Ir Bonhóffer's [15] case perception of touch and passive movements 
anc position were,reduced in the whole of the hand, but most in the 
зе ulnar fingers. Sandberg described reduction of tactile sensation 
in “he whole hand and muscular sense, petception of position and power 
of “scalization reduced in the three ulnar fingers. Dana [43] described 
tac.ile anesthesia and analgesia in the forefinger, but no, anesthesia to 
hest and cold, although there was clumsinfss and awkwardness in the 
fingers and arm; Monakow ([141], р. 671), lasting hypesthesia and 
impairment of muscular sense in the three radial fingers; Zenner, 
hyyesthesia of the arm, muscular sense, and appreciation of position less 
gccd in the index and middle fingers; Levi, hemianssthesia quickly 
im] roving, power of localization and muscular sense of the two ulnar 
firgers reduced; Purves Stewart, muscular sense of the thumb less 
redaced than that of the other fingers. 

In six of my cases the same condition was more or less marked. In 
Саз V., showing a cortico-subcortical lesion within the arm centre, а 
slizot hypesthesia and hypalgesia was to be found on the radial aspect 
of the hand. Case XIII. showed a slight degree of hypesthesia and 
hyzalgesia of the four ulnar fingers; this ulnar hypalgesia, which was 
ver slight, might, however, in this case have been attributed to pure 
physiological causes—viz., to the less acute sensibility present on the 
ulnar side of the hand. Case XXII. presented a hypesthesia of the two 
ulnar fingers as well as of the corresponding part of the hand; with 
regard to Cases XV., XVI., and XVIII., the muscular sense only showed 
this partial and distal form of loss, and this only during one period of the 
iln.ss. Thus, in the beginning Case XV. presented very marked dis- 
tur} ances with regard to the muscular sense of the four ulnar fingers, 
the muscular sense of the thumb being somewhat better retained until 
this was also damaged by a fresh lesion. In Case XVI., on the other 
haad, no sensory disturbances at all were found at first, but, after a fresh 
lesicn, a marked impairment of the muscular sense of the httle finger 
&ppsared, and a similar but less pronounced defect in the ring and 
middle fingers. As regards Case XVIII., at first there was an impairment 
of iie muscular sense affecting all the fingers; later on loss in the little 
fingsr only, which ultimately also passed away. Lastly, it is worth 
mertioning in Case XIV. there was hypesthesia on the outer but not on 
the .nner aspect of the foot. 

-n most of the partial anesthesias of the upper extremity above 
rel; ed, it was either one or the other aspect of the hand that- was 
affected, and when we consider the extensive area of projection belonging 
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to the hand it is almost to be expected that sométhing of this kind 
skould occasionally occur. Still, among the cases jugi quoted are a few 
(Kramer’s, Dana's, and Zenner's) in which not the one or the other half 
of the hand was affected, but eertain fingers. ө 

A partial and distal hypzesthesia of this kind might, however, have a 
differenj significance in different cases. , Ав I have already mentioned, 
tke sense of pain, when t&sted by the: quantitative method (Alrutz’s 
algesimeter); shows a higher hminal intensity on the ulnar than on the 
radial side of the hand; Mocutchowsky arrived at the same result by his 
method, which was founded on another principle, and Muskens also 
came to the same conclusion. Further, the liminal value is higher with 
regard to the fingers, at least in the terminal phalanges, than in the hand, 
and higher on the volar than on the dorsal surface. From this it is 
evident that when estimating slight degrees.of hypalgesia in these, parts 
one must be more reserved than in the case of such parts where physio- 
lcgically no such difference exists. To what extent this factor must be 
taken into consideration seems to me difficult to decide without a quanti- 
tative estimation of the sense of pain. Still, it is obvious that such a 
. slight ulnar hypesthesia as the one found in my Case XII. is fully 
explained by the physiological differences between the "ulnar and radial: 
side of the hand. The majority of the cases belonging to this group 
found in the literature are also of this ulnar type, but, on the other hand, 
partial distal hypzesthesia of the radial half'of the hand also occurs, а 
form which is considered by Monakow to be the more common. “When 
d.seussing localization I shall return to the significance of these symptoms. 


(b) Dissociated Sensory Disturbances. 


Amongst my cases of cortical lesion, two showed an affection of the 
muscular sense, but not of the tactile or painful ‘sensations—viz., 
Case XVI., with motor paresis and disturbance of muscular sense; and 
Case XVIIL, where the muscular sense remained permanently affected 
although the cutaneous sensory disturbances receded. In the same way 
Case XXI. showed isolated impairment of the muscular sense in the 
hand and arm due to remote action. Another case, most likely of 
cortical nature with a paralysis of very old date, presented a disturbance 
о? the museular sense without any disturbance of simple cutaneous 
sensations. This condition was not found in any of those cases of 
capsular lesion where I was able to make a trustworthy examination of 
sensation, but it is not unlikely to, occur in old cases, as, according to Long 
and Marie, even the stereognostic ' loss may show retrogression. , In the 
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same way a dissociated sensory disturbance of this kind may occur, 
especially in cónngxion with tumours which do not affect the cortex 
(Monakow, Bullard). 

Even if I have not beer able to ascertain the absence of cutaneous 
sensory disturbances in capsular lesions, I have observed cases of Hemi- 
as well as mono-plegia showing minimal disturbances only in cujaneous 
sensibility, but with very marked disorderseof the muscular sense (the 
cases of hemiplegia I. and V., and the monoplegias XIV.,«XV., XVIIL. 
and XX).° 

On the other hand, in no case of either cortical or capsular lesions 
could I find an affection of tactile sensation without a simultaneous 
marked disorder of the muscular sense. According to the literature 
this seems to be the rule, although this statement is opposed by 
Gordon [74], Henschen, and, to a certain extent, by Oppenheim. 
The opinion expressed by Henschen and Oppenheim, which differs 
from the prevalent one, may possibly be explained by the fact that 
these authors in their investigations have paid special attention to 
sensations of position and have habitually tested them by letting 
the patient imitate with the non-paretic hand passive movements of 
tae paretic one, a method which, according to my experience, is not 
sitficient to exclude completely the presence of disturbances in the 
appreciation of position. 

From the above it is evident that important differences between 
cortical and capsular lesions are to be found with regard to the 
frequency in the occurrence of sensory disturbances and with regard 
to their distribution: in connexion with cortical lesions we often 
fma purely motor, or even purely sensory, paralyses; in connexion 
with capsular lesions the paralysis is, as a rule, sensori-motor. After 
cortical lesions mono-anesthesia is more often found, after capsular 
lesions hemianesthesia. Lastly, a dissociated sensory impairment more 
o.ten occurs in the case of cortical lesions than in those of the capsule, 
the muscular sense in that case being affected alone. 

As to the form of disturbances present—i.e., the differences in quality 
in connexion with lesions in one or other situation—there exists, accord- 
ing to my experience, purely a gradual difference, the disturbances of 
cortical origin, as a rule, not being so intense as those due to capsular 
lesions. Nor have I found in the literature mention of any other 
d-ficrence than one of degree. 

In this connexion it must, however, be remembered that certain 
funetions, which lie for the most part beyond the scope of this work, 
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require at least partially the pregence of the motor-power if they are to 
be more closely observed. On this account the observations made om 
this point are not, without further investigation, transferable to hemi- 
plegias of capsular origin, accompanied by disturbances of the so-called 
sensé of strength, apraxia, &c. 


* ° (c) The Power of Localization. ` 

During my. investigations I have tried to arrive аё “а comparison 
between the simple tactile sense. and its associated funĉtion of a 
higher quality—the power of localization. Under normal conditions 
the power of localization is developed to a different degree in various 
parts, and is in no way proportional to the acuteness of tactile sensation 
in that part of the body. In the upper extremity the power of localiza 
tion grows keener in a distal direction—an important fact, considerinz 
that this part of the body is most often affected in the ases described ia 
this paper. 

Consequently, there is nothing surprising in the fact that the dis 
turbances in the power of localization following a cerebral paralysis 
are not always more pronounced distally. Thus, Sandberg and Hat- 
schek found the power of localization affected on the trunk only, while 
others—Bonhiéffer [15], Horsley [90], Cadwalader, Mills and Frazier, 
Oppenheim [158], and Schittenhelm — observed disturbances chiefly 
distally. And in all my cases, capsular as well as cortical,. the 
impairment in the power of loéalization was most marked distally 
(except in Case XXII); the disturbances of. the hand and forearm 
were often very great in spite of the fact that there were no signs 
о- impairment proximally. | 

With regard to the relation between disturbance in the power «f 
localization and disorders of the simple “tactile sensation," differert 
opinions exist. Müller and Schittenhelm are of the opinion thet 
profound disturbance in the power of localization only occurs in cor- 
nexion with disorders of tactile sensation; whereas, on the other hand, 
Wernicke, Hoppe, Levi, Bruns, Walton and Paul [217], Purves Stewart 
and Monakow [141] relate cases showing impairment in the power 
o2 localization without simultaneous disturbances of cutaneous sensibility. 
Förster [67] points out that the atopognosis found in tabes and central 
lesions as well as in peripheral neuritis, and even in affections of tke 
joints, is connected with disturbances of the so-called " articular вепв.- 
bility, " from which he draws the conclusion that topognosis depencs 
upon the sensations of position, the former disappearing when tke 
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extremity is too little used. Too great importance should not be 
attached to this parallelism, or at any rate-it is not without excep- 
tions, as is shown by Férster’s own Case 19, and still more plainly 
by а case related by Straussler, whext the patient could record the 
direction of the movement correctly, but not-siate which finger was 
being touched. Normal topognosis in connexion with gisordeys of the 
sense of position is also mentioned *by Starr and McBurney, 
Oppenheim [155], and Schittenhelm. Sandberg believes*he has found 
a connexion between topognostic disturbances and disorders of deep 
sensibility. Any connexion of this kind I was unable to prove, as I, 
like Miiller, never noticed an affection of the deep sense, of pressure 
without a simultaneous affection of tactile sensation. 

From the above it may be gathered that topognostic disturbances 
may occur in connexion with disorders of.sometimes the one and 
sometimes the other function, but may also occur quite independently. 
In my ‘cases an impairment of the power of localization was never 
found without simultaneous disturbance of the muscular sense. Impar- 
ment of the power of localization in spite of intact tactile sensation was 
shown in Case XVI. But I could never prove the reverse condition, 
nor was this, as a matter of fact, to be expected.” 

In many cases the disturbance in the power of localization follows 
undoubtedly an irregular type. For instance, in a case related by 
Schaffer [184], where the lesion was of capsular origin, the patient 
localized a touch on the lip to the thigh, &c. Similar cases have been 
observed by Oppenheim [158], and in many cases a considerable and 
perfectly irregular atopognosis occurs, even if not of such marked 
degree. In some cases, however, and possibly in the majority, a certain 
regularity with regard to the atopognosis is to be found. Müller, for 
instance, has found that the patient localized the'touch to the respective 
extremity as a whole. Verger [219] found that the patient usually 
localized too far proximally “in a direction- towards better sensation," 
as Verger puts it, and, according to Horsley and Russel, this type of 
atopognosis would seem to be the one occurring most regularly. This 
rule is, however, not without exceptions, as appears from two cases by 
Horsley and Russel on the one hand, and from one case by Morton 
Prince on the other. 

Besides this, Horsley and Russel have drawn attention to another 
form of atopognosis, which may occur simultaneously with the other. 
They describe an atopognosis towards or away from the mesial axis of 
the арш; in their cases it has only been a question of the upper 
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extremity. This gorgas follows a direction at right TN to the 
proximal atopognosis previously mentioned. 

I did not have ап opportunity of observing а perfectly m 
atopognosis, except in some cafes of old hemiplegia, as well as in those 


' cases Where the attention of the patient could not be sufficiently attr acted. 


In those cages, on the other hand, where a certain degree of regularity 
was present, this was of a prbximal type, although varying, considerably 


` jn degree Œ., IV., XIIL, XIV.), and in two cases, Nos. V. and XVI. 


a transverse atopognosis—viz., in the former case a post-axial and in the 
latter a pre-axial atopognosis, besides which the former case also showed 
a proximal atopognosis. 

Ав previously mentioned, Verger has pointed out with regard to the 
proximal atopognosis that this takes place in а direction towards betier 
sensation. “This condition I also found in those two cases of transverse 
atopognosis which I have had an opportunity | to observe. 


(d) The Muscular "Sense. - 2 


I have. paid special attention to the. muscular sense, ог, more 
correctly, one function of it — the perception of passive move- 
ments—and my intention was to make a- more detailed estimation 
of the quantitative disturbances in different joints and in connexion 
with different directions of movement. -I also tried to investigate 
whether, with regard to disorders of this function, any difference could 
be ascertained between capsular lesions on the one hand and cortical on 
the other. I was, however, unable to discover any other difference 
except that in the former case changes in the muscular sense were found 


' to be constant, but often’ failed completely. in the cortical cases. ~ 


Here І must first lay stress upon one point to which, it is‘ true, 
previous ‘attention Has been drawn (Wernicke, Bourdicaud-Dumay, 
Bonhóffer [15] and others)—viz., that with regard to the muscular sensé a 
definite differencé exists in many cases between the perception of a 


. movement, per se, and the appreciation of its direction, the latter 


' function alone being at times affected. The reversed condition, naturally 


-enough, never takes place. Just as in the case of tactile sensation a 


. distinct difference exists between a simple and a more complicated func- 


tion, viz.—the difference between appreciation of a touch as such and the 
appreciation of tactile localization—in the same way with regard to the 
muscular sense, a difference exists between perception of a movement 
and perception of its- direction. This difference—viz., a disturbance 
much ‘more marked with regard to the more complicated function, repre- 
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senrel by perception of direction than with regard to the simple func- 
tion, appreciation of movement pure and simple—is to be found in 
several of my cases, the cortical as well as the capsular ones (І., IV., V., 
XI., XIV ). • . 

Аз no numerical estimates with regard to these disturbances, hs far 
as І зап gather, have been published, it seems to me appropriate to 
collect in a tabular form the results to whieh I have come when trying 
to de‘ine the "minimum movement perceptible in different parts of the 
upper extfemity, although these results have been obtained by the aid 
of zn approximative method only. 

Аз will be seen from this table, the disturbances of the muscular 
sense were always more marked distally in these cases; and the same 
condision evidently prevailed in those cases where no such quantita- 
tive estimation had been made. Thus, ab seven examinations of four 
cases. it was observed that the muscular sense was completely absent 
in the joints of the hand and fingers, although no affection of the 
shoulder-joint could be discovered. On the other hand, in two cases 
only was 1 able to ascertain any—and even then only minimal— 
perce»tion of movements in the joints of the hand and fingers, the 
mmpamment of the shoulder-joint being at the same time evident. 
Ween, however, the different results of the investigations are 
compared, one finds that this reduction, which increases distally, does 
not show any uniformity with regard to the different joints in different 
cases, or even at different examinations. This is most obvious 
when comparing V. and XV. On this account it is not inconceivable 
thaz sases might occur in which the muscular sense would be more 
affested proximally than distally. I have, however, not been able to 
find any quite certain cases of this kind. 

I wish to point out the following fact with regard to disturbances of 
the nruscular sense. Movement of a certain joint is not uncommonly 
appreciated better in the one direction than in the other. Mulls and 
Weisenburg found the same condition in one case (Case 2); when the 
relaxation was almost perfect, it seemed as if the loss of the sense of 
position was more marked when the fingers were bent backwards—that 
is, extended—than when they were bent forward to the palmar aspect 
of the hand. This condition, which I have found mentioned by Mills 
and Weisenburg only, I observed m Cases I. and XVI. In Case I. 
extension at the elbow was better appreciated than flexion. In 
Case XVI. it was the wrist, and here movements of flexion were better 
perceived than those of extension. ' 2 
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The EET substratum underlying’ perception of passive mové- 
ments is differently given in the various physiological text-books. One 
opmion which is very commonly expressed is that the articular sensi- 
bil ty forms the foundation gor this perception. But the articular carti- 
lages can hardly -be considered as the basis of these sensations, sincè, as 
Proved by Lennander, théy are devoid of sensation. The capsule is 
evxlertly that part of the articulation which must be considered as 
the source of'this function. Besides this, the. stretching of the skin 
ani soft p&rts plays a part. Cases which show a different perception 
of the movements of the same joint with movements in different direc- 
ticas seem to me not quite unlikely to^ contribute to the solution 
of this question. Firstly, it is evident that the articular cartilages 
caano; be the source оѓ this sensibility, even if Lennander's: investi- 
ga ions are entirely left out of consideration; for it is the same articular 
segments that come into contact in the one movement as in the other, 
altnough.the movement takes place in different directions. Passive 
stistching of the capsule and the skin is also likely to have: the same.’ 
effsct in both forms of movement. . With regard to the muscles, on the 
otLer hand, the condition is somewhat different. In Case I. the 
flexor muscles possessed a. greater tone than did the extensors, and 
coasequently the movement of extension stretched muscles more power- 
fully contracted than was the case with flexion; the former movement 
wculd therefore have a greater chance of making itself perceptible than 
the laster. ` Case XVL., on the other hand, presented no contracture, but 
for several months the patient, while using a sling,-had been in the 
ha»it of letting the hand hang down in the volar flexed, position. In 
coasequence it was the movement which acted in the same-direction as 
the force of gravity, which more easily escaped the attention of the . 
pasient. | 

Further, in a case of РЕТИ lateral sclerosis, I have found what 
seems to me a very similar condition. Here the elbow, was in a condi- 
ticn of flexion-contracture and minor movements of flexion easily escaped 
the attention of-the patient; but when the patient was particularly asked 
о рау careful attention.to the matter, she observed minimal movements 
of flexion’ with the same degree of certainty as movements of extension. 
TLus it cannot have been the tone of the muscles solely which played 
a pari in this case. It is conceivable that movements in the same 
direction as the involuntary tonic contraction (Case I), or in the 
same direction as the force of gravity (as in Case X VL), might more 
ea-ily escape attention than а movement in the opposite directioi.. A 
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similar explanation. might be given for the disturbance of muscular 
sense on volar flexion of the wrist presented by Case XVI, in 
spite of the absence:of such impairment in more distal joints, such as 
those of the index-finger andethumb; althowgh no typical passive con- 
tracture of the flexors of the forearm had yet taken place, the tone of 
these muscles, was greater than that of the extensors of the forearm, 
which were constantly being» stretched. о 

With regard to the much-debated question concerning “ће ehe 

substratum underlying the muscular sense, these observatiofis seem to. 
me not without interest; although they are much too scanty to allow of 
any conclusion; still, it seems to me they go to show that not only the 
articular sensibility and cutaneous sensations, but also the muscles play 
a part in the perception of passive movements. Jie 


B 


(e) Cortical Atazia. 


Of all the sensory disorders tested, disturbance in the {аера of 
passive movements was not only that most frequently met with, but 
was also most permanent. ‘There were, however, several cases in 
. which no such disturbance was discovered even a few .days after the 
onset of а severe 1notor paralysis, showing that motor disturbances and 
impairment of the muscular sense may occur independently of each other. 

This is of importance for the knowledge of cortical ataxia. ‘This does: 
not consist of an abnormal movement, which has added itself to the 
voluntary movement, as is the case in chorea, athetosis, &c., but, like 
the ataxia of tabes, is due to a disturbance of the voluntary movement 
‘itself, which is altered in direction and precision. Thus we have to deal 
with areal inco-ordination which, however, does not by a long way reach 
the same degree asin tabes (Dejerine [48]), although it is often combined : 
with very marked sensory disturbances, which may completely extinguish 
the muscular sense, the power of localization, the sensation of position, 
and other more complicated functions. 

. Further, it is especially the more isolated and sage movements of 
a complicated nature which are damaged while the coarse power,may be 
fairly well retained (Monakow [141]): Thus cortical ataxia approaches 
apraxia, by which is meant inability to perform certain specially acquired 
movements in spite of well-retained motility (Liepmann [113, 114, 115]). 
In the majority of cases it would, according to Wilson [229], seem possible * 
to differentiate between cortical ataxia and apraxia. The cortical ataxia 
becomes evident in all the movements of the extremity in question.; in 


the oase of apraxia, on the other*hand, certain movements can be per- 
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orned without any trace of ataxia. Further, thé degree of cortical 
taxa 1s different according to the different extent of the movements: 
he smaller and simfler the movement, the less evident the ataxia; the 
smeaser and more complicajed the movement, the greater the ataxia. 
The apraxia, on the other hand, shows no such regular connexion between 
he magnitude of the affection and the degree of complexity of the 
movoment. The errors which occurred gaye more the infpressión that 
he direction of the movement or the way to complete it had been for- 
zottan, the movement being from the beginning wrongly innervated. ` 
- have not investigated these complicated disturbances, but have 
-estricted myself to the more simple functions and disorders. Still, I 
nave found that not only the coarse power but also isolated finger-move- 
menis (Case ХХ.), and even certain complicated acquired movements 
Cas XXI), may be well retained at the same time that impairment of 
he muscular sense is obvious. In Case XX., however, disturbances of 
-sso aated finger-movements appeared later, as far as could be made out, 
=n acount of the bad condition of the patient. Case XXL, as well as 
э са e recently published by Stauffenberg, show that a function as com- 
vliceted as the fastening of а button, &c., may be retained in spite of 
ensory disorders and in spite of disturbances in the muscular sense and 
"he orientation in space. Thus impairments of the muscular sense 
aeec not be attended by a complete cortical ataxia. On the other 
aanc, we find, as Monakow points out, that cortical ataxia is not always 
rom2ined with impairments of the muscular and cutaneous senses, 
slthe ugh this is very often the case. This coincides with the fact that a 
amore complicated function, in this case the, co-ordination, may be affected 
elthcugh one of its components (perception of movement), or even 
seve.al of its constituent parts, may be unimpaired; whereas, on the 
cthe- hand, there is no support for assuming the reversed condition to 
‘take place. Besides it is, as a rule, especially tumours (Dejerine [48]), 
~vhich give rise to a higher degree of cortical ataxia, and not only those 
` situated ın the sensory-motor area (Bruns [26]), but even tumours 
situated elsewhere—for instance, in the cerebellum, as I myself have had 
zn ooportunity to observe in one case. 


(f) Orientation im Space. 


Спе of the functions which takes part in the building up of accurately 
balanced and well co-ordinated movements is the orientation in space of 
eny articular extremity at rest as well as in motion. This function, to 
whic my attention has been drawn by Horsley and Singer s interesting 

BLAIN —You, xxxm. : 29 
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work; I have examined іп seven cases (Cases IX., X., XL, XVIIL, XXI, 
and two others). Of these cases, IX., X., and XI. were motor momoplegias 
purely; Case XVIII. was a sensory motor monoplegia{n which the sensory 
disturbances finally disappeared entirely; Qase XXI., presented a dis- 
turbance of the muscular sense without.any paresis. In Cases IX., XI, 
XVIII. and XXI. the paresis was not so marked that the patient could 
not move the paretic hand towards the non-paretic one. In Case X., 
on the other hand, the paresis, was of such a degree that the examination 
could only be made by approximating the non-paretió hand towards 
the paretic one. In the rést of the cases either the paresis or the 
hypesthesia was of such a degree as to render the method useless. 
Now it became apparent, as was to be expected, that in Case XXI, 
which presented marked disturbance of the muscular sense, ‘the 
orientation і in space was considerably affected. In another case show- 
ing only minimal disturbances of the muscular sense, the impairment 
with regard to orientation in space was uncertain. On the other hand, 
Cases IX. and XI. in spite of the absence of any disturbances of the 
muscular sense, showed alterations with regard to orientation in space. j 
No disorder of this function was found in Case XVIII., and the same 
applies to the case of amyotrophic lateral sclerosis previously cited. 
That the muscular sehse—on the whole one of the most important 
functions with regard to exact co-ordination (Leyden)—~also plays a part 
with regard to orientation in space is evident, and thus the relation 
between the disturbances of the muscular sense and orientation in space , 
becomes analogous to the relation between disturbances of the muscular 
sense and astereognosis. Ё or, as pointed by Dejerine [48, 51], disorders 
of а higher function are the necessary correlative of disorders, of the 
simpler function which forms an integral part of it. This is the reason 
` why there is nothing astonishing in the fact that cases showing disorders 
of muscular sensation also present disturbances of orientation in space. 
It is of greater interest that orientation in space may be damaged without 
the muscular sense presenting any alteration ‘Oanes IX. and XI., and 
perhaps Case X.). ў 
Co-ordination, including orientation in space, presupposes the conjoint 
action of several simpler functions, and evidently also of motor centres. 
Consequently a disturbance in different directions might .each one by 
itself lead to inco-ordination. From my Cases IX. and XI. it is evident 
that ‘motor disturbances may give rise to disorders with regard to 
orientation in space without the perception of passive, movements being 
at the same time damaged. This agrees with Monakow’s CXpertenoe : 
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` Таа} зу бапсвв of the -muscular sense, are riot. always К in 
cortical ataxia.. Lastly, it is of Interest to gee that sensory disturbances 
zitending a cortical lesion which at- first чуете present to a high degree 
may disappear so completely that not only fhe muscular. sense but also | 
the orientation ‘іп space are completely restored (Case XVIIL).. 


` , Case XVIL. and, that of amyotrophic lateral sclerosis show that Such 


a Sorders of orientation in space do not. always attend lesions or ihe 
os ramidal tract. 

Further, when testing the orientation in’ space I found. the condition 
` aascribed. by, Dejerine [46] with regard to sensations of position—viz. 1} 
Gat these are better when the arm-is in motion than when at rest: 
This cordition appeared in Cases IX. and XI. In these the error 
became less marked when the paretic arm was moved towards the 
. non-pareiic one than vice versa, in spite of the i injurious effect of, the 
paresis, and in -spite of the intentional tremor presented by Case IX. 
being mast marked in the paretic arm. In Cases X. and XXIV. this 
examination could not be carried out on account ‘of the considerable 
degree of paresis present. The case in which I was able to show that 
. ne such Cifference existed (Case XXI.) did not present any- paresis, but 

carly an affection of the muscular sense. | 

T'he difference between the orientation at' rest and in motion 

‘became still-more evident on comparing the results.obtained in Case XI., 
br Horsley and Slingers method, with those obtained by Blix’s 
rethod. The former method revealed errors far in excess of the 
normal; the latter showed that the orientation of active movement took 
place almost equally well with the paretic arm as with the non-paretic 
ore. . Unfortunately this method, which requires fairly good motor 
faction, ab least in ihe shoulder- and -elbow-joints, could not be 
; employed except i in this case and in Case XVIII, both of which showed 
.'narmel ccnditions. 

The e-ror in the perception of the position of the hand is ; normally 
more often of such a kind that the hand is estimated to be in a higher 
plane than that in which it really lies. 'This.condition Horsley and 
Singer fcund to be the rule with regard to .the overhead position; here 
` ths mode:.of error was characteristic. In those of my. cases 

wich presented a paresis in connexion ‘with a disturbance in the 

orEntation.in space, this direction with regard to the faulty perception 

‘was constant, the position of the paretic hand being estimated MEG 

then whai it in reality was, as has beem observed by Westphal. 

.m& cases if appeared, furthermore, that the “error increased in ae 
et 
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planes which were situated higher up, as is the case under normal condi- 
tions, but this took place to a, proportionately greater degree than normal. 
Case XXL, which showed disturbances of the muscular sense but rio 
paresis, formed an exceptidén to the rule that the position of the hand 
was estimated too high. 


"From this it appears that motor disturbances may give rise to К 


disorders of orientation In. space, although noi constantly. Whether 
the motor disturbance by itself can in any way influence the form 
of disturbance found in connexion with this function I must leave 


undecided, my material being too limited to allow of any conclusions on ' 


this point. 


CHAPTER V.—THE CORTICAL. LOCALIZATION OF SENSATION.. 


$ 1 —Recent Anatomical and Physiological Investigations upon the 
Cortical Localization of Motion and Sensation. 


Tue problem of the cortical localization of sensation is intimately 
connected with the problem of motor localization. i 

Hammarberg, Ramon y Cajal, Brodmann, and Campbell have found 
considerable*histological differences bètween the anterior'and posterior 
central convolutions. In the anterior central convolution the cortex 
layer is much thicker than that of the posterior (Brodmann). In all the 
layers of the cortex of the anterior convolution (Campbell) a greater 
abundance of radiating nerve fibres are,found than in any other ‘part of 
the cortex. Within the same area, and, practically speaking, limited to 
it, though not oconpying its entire extent, are situated the giant-cells 
of Betz (Campbells “precentral area"). In the posterior central 
convolution the nerve filaments. are far less numerous than in the 
anterior, but, on the other hand, inter-radiating plexuses of coarse 
calibre cross the radiating bundles (Campbell). In the posterior central 


_ convolution the giant-cells of Betz, are absent. The numerous stellate 
cells, on the other hand, form a definite layer in this part of the . 


cortex. According to Hammarberg, however, there are, in the superior 
sixth no greater cytologic differences between both gyri centrales: 
Campbell, further, considers that he is able to distinguish two different 
zones in the posterior central convolution by means of their histo- 
logical structure. In the anterior half of the gyrus (“post;central 
area proper") there are numerous large pyramidal cells, as well as the 
igter-radiating plexus of large calibre. In the posterior half of the 
convolution, which formsea transition to the type found in the temporal 
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and ]arietál convolutions, the large pyramidal cells and fibres of large 
заШа= disappear. The chief differehce between the cortex covering the 

zosta лог part of the ‘central gyrus and that covering the gyri parietales, 
uccu~ling to Campbell, consists in the laye» of Baillarger, which in the 
„atter area is easily seen. Brodmann also divides the gyrus centrdélis 
z08U-710r, on account of its histological structure, into different territories, 
cut d ‘terentiates three such areas. • 

£ = wording to Flechsig and Vogt, a differens exists between the 
mnyeĀhizatioù of the gyrus centralis posterior on the one hand, and 
"hat c: the gyrus centralis anterior, together with the parietal region, on 
ne cther; the myelinization of the gyrus centralis posterior beginning 
earli»7 than in any other part of the cortex.’ 

F-om the anterior central angle proceeds the pyramidal tract, 
з poved by the investigations on amyotrophic lateral sclerosis 
-nd =n the réaction à distance following lesions within the motor 
заш То the posterior central convolution pass, on the other hand, 
тазе ccrtical tracts of the optic thalamus, as has been shown by Roussy. 
zn ола саве of thalamic lesion he was able to follow, by Marchi’s method, 
The cegenerated tract to the posterior central convolution. The topography 
uf t thalamo-cortical neuron may, according to Hosel, be well observed 
m a ? etus of nine months, where this path, but not the pyramidal tract, 
has ccquired its medullary sheath. It is situated in the posterior part 
of th= internal capsule, or, more accurately, in the second and third of 
the f-e capsular segments. It runs more in a direction backwards than 
ihe yrramidal tract, and, in consequence, a partial crossing of these two 
path. takes place, as pointed out by Fr. Müller. 

E-perimental physiology has added some important contributions to 
oar sa3owledge of the motor projection. І shall, in this connexion, 
atog=ther neglect the earlier literature on this subject, which may be 
found in the ample accounts by Soury and Monakow [140, 141], only 
агалыїла attention to Sherrington and Grünbaum's experiments on the 
ligh:- monkeys (gorilla, orang-outang, chimpanzee). By means of 
unip» ar excitation they were able to verify the results obtained by 
Zitz g, то the effect that, broadly speaking, the excitable area of a limb 
was localized to the anterior, and did not extend on to the posterior, 
centre] convolution. Besides this, they found that the position of the 
c.ffemen- centres varied considerably in different individuals, remember- 
ing t-at the centres can only be identified with full certainty by means 
сї exxtation. Further, it became apparent that the sulci of the brain 
were «f approximate importance only, in marking out the boundaries of 
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- the physiological áreas of projection. Thus, for instance, in some indi- 
viduals contractions could. be evoked from the posterior wail of the 
sulcus centralis, in others this part was inexcitabfe. They also found 
that cortical stimulation bghind the sulcys centralis, which, by “itself, 
could not provoke contraction, facilitated or increased the effect! of a 
stimulation in the gyrus centralis anterior, if this ‘was applied in the 
same horizofital plane. | e 

Rothmann, from experiments on macacus and xlfesus, 15 not in 
complete agreement with tlie view held by Sherrington and Grunbaum ; 
still, he admits that the anterior convolution, more especially in the 
region of the arm, is much more easily excitable than the posterior one. 

As is well known, Horsley and others have described the excitable 
area in man as extending to both central convolutions., Krause, on the 
other hand, considers the anterior convolution only to be excitable, and 
Mills and Frazier [134] show that excitation much more easily produces 
an effect from the anterior central convolution; but when a stronger current 
is used, or the anterior convolution has previously been excited, then the 
posterior central convolution also becomes excitable. 

Lastly, in certain pathological conditions the histological examination 
has shown important differences between the anterior and posterior part 
of the gyrus centralis posterior ; and we are entitled to draw conclusions 
regarding the function belonging to these parts—viz., ın amyotrophic 
lateral sclerosis as regards the motor, and in thalamic lesions and tabes 
as regards the sensory functions. Campbell found, after amputations 
and in a case of capsular hemiplegia, that the réaction à distance was 
most pronounced in the gyrus centralis anterior; a distinct if not highly 
marked, alteration also occurred in the anterior half of the gyrus centralis 
posterior. 

In the case of a lesion within the brain itself different tracts might, 
however, have been affected, and.on this account Campbell’s result as 
regards a capsular lesion 1s not incontestable. Holmes and Page, May 
avoided this source of error by studying the cortical changes after hemi- 
section of the cervical region of the spinal cord in дор, сав, lemurs, 
monkeys of the macaque family, and in a chimpanzee; they also investi- 
gated two cases of acute traumatic transverse lesion at the séventh 
cervical segment in man. The pyramidal tract being the only direct 
cortico-spinal path, it follows that those cortical cells which showed 
réaction à distance after a lesion affecting the medullary pyramidal tract 


must constitute its place of origin. Ву this means they proved, at least ' 
with regard to the extremities nd trunk on the one hand, that the origin 
e. * : *.. z 
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af she pyramidal tract 1s situated in front of sulets centralis còntra- 
averalisy on the other that the pyramidal tract issues from the cells 
=É Sew only; for “these cells are the only ones showing réaction & 
из ance. They found, it is true, that after hemisection on monkeys 
~kat one-fifth of the whole number of Betz cells did not undergo 
degeneration, but by means of electrical stimulation they showed that 
‘Esse cells belonged to the pyramidal tract of the same sid. б 
-n full agréement with Holmes and Page May’s investigation stands 
Le curiousecase of intracranial hemiplegia related by Spilmeyer; here 
z= was within the cortex an intense destruction which had left 
in»cuched one kind only of the specific elements—namely, the cells of 
3e х. In this case the pyramidal tract was fully intact. 

The functional difference between the two central convolutions is not 

es evident from the histological appearances found in amyotrophic 
& ral sclerosis. This disease constitutes, as is well known, a degenera- 
ina localized to the motor neuron-chain, a degeneration which may be 
‘c:lowed to the cortex. In a case of this disease with a quick course, 
xrc showing early and prominent bulbar symptoms, Lennmalm found a 
zi E collection of corps gramuleuz in the medullary substance of the 
ower part of the central convolution. Otherwise they were sparingly 
-ŒC more irregularly scattered within both central convolutions. 
3prier [190], in one case of the same disease, found by the aid of 
vlaccshi’s method degenerated fibres in the posterior as well as in the 
Jrterior central convolution, but considerably more in the latter. Still 
moe instructive are the cytological investigations made in cases of 
ri trophic lateral sclerosis, especially by Campbell, Rossi and Roussy. 
Газ first-named author found in two cases that the changes were 
zDcwHzed strictly to the gyrus centralis anterior, and that they had ` 
affected especially the giant-cells of Betz, the cells characteristic for this 
«crwolution, as well as the. radiating bundles of fibres. Rossi and 
Rorssy found in three cases the same changes in the anterior central 
-ccvolution, but they were also able to demonstrate in one case a slight 
«extension on to the posterior central convolution. 

Thus the distribution of the cortical changes in amyotrophic lateral 
.cierosis Indicates with certainty that the anterior central convolution 
Эскзеввев a motor function, and that such function cannot be attributed 
то the gyrus centralis posterior m anything like the same degree. 

These investigations are amplified by Roussy’s observations in con- 
neson with some other processes. In one case of lesion of the optic 
"Examus Roussy, by means of Marchi’s method, could follow the 
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degenerated thalanho-cortical, fibres, which must be looked upon as в 


| sensory tract right up to the central convolutions, and was*able to 


demonstrate.that the majority ‘of the fibres passed 0 the gyrüs centralis 
posterior. А 
Lastly, in connexion with parietal Ба, Monakow [141] was ibis 


' to show a centripetal degeneration of the lemniscus. 


In this shÓrt review I have only tried to set out the more importart 
results obtained during the last few years. From these it "is obvious that 
considerable differences exist with regard to the construction “of the two 
convolutions; further, as the result partly of experimental, partly cf 
clinical evidence, the anterior central convolution must be regarded as 
having a motor function of which-the posterior central convolution Is 
devoid. ? 

With regard to the posterior convolution; it is probable (p. 448) that its 


' anterior half stands in nearer relation to the peripheral organs than 


does the posterior half, and it seems obvious that at least some sensory 
functions gre represented in the posterior convolution. | 

The experimental method of investigation has, for obvious reasons, 
not given equally good results rh the case of the sensory as in the case 


'of motor functions. This applies more especialy to experimental 


excitationg which, of course, has been applicable to man only. As to 
experiments on man with a view of ascertaining the sensory function by 
means of excitation, I have found in the literature only very scanty 
statements of somewhat older date. Nor are the results incontestable, 
as 16 is not possible to estimate the part which a simultaneous action on 
the vaso-motors might have played. According to Oppenheim [158 , 
the connexion between vaso-motor’ and sensory disturbances is very 
intimate. On the other hand, after an incision into the motor area the 
same authority has observed vaso-motor disturbances in the contra-laterel 
side, from which it follows that it is impossible to decide whether the 
sensory effect of the excitation has been primary or secondary. On th:s 


' account I shall only briefly refer to these experiments. Making use of a 


defect in the skull after trephining over the central region, the inves- 
tigators have been able to excite the brain by means of electrodes withoct 
the use of an anssthetic. The results obtamed by Bartholow; Ransom, 
Dana [42], and Laycock, Negro and Oliva, showed that the patiert 
developed paresthesiz of rather varied character in the different cases, 
it is true, but constantly localized to the contra-lateral side. The three 
former found a simultaneous sensory and motor effect with the same 
localfzation. In Negro and Olifa's (cit. Brécy) experiments а sensory 
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effec’ was obtained with a weaker stimulation than was necessary to 
mrcdace a motor effect. ; 

Laycock was able to produce sensory'excitation without simultaneous 

znokbcr effect. When the stimulus was applied to the brain in the lower- 
mest part of the osseous defect, sensations in the neck were feli; «hen 
the cpplication was made higher up, sensations in the arm and down the 
hand were produced ; and, lastly, an application in> the upper part 
-esilred in sensations being felt in the shoulder. This experiment 
mdcztes that the sensory projection is divided into different territories 
zor different parts of the body, in the same way as the motor projection. 
Tks sensations were not painful, but of a “tingling” character. The 
zeziks were more decided in the case of cathodal than anodal 
exatation. 

Lansom mentions briefly that the muscular sense improved when the 
mus es contracted after stimulation, and that this effect lasted for a few 
zniavses after the application of the current. 

In Ransom’s and Laycock’s, and probably also in Dana's, case the 
otimalus was applied to the anterior central convolution. With regard 
то Burtholow’s case, no information is given on this point. 

The theoretical interpretation of these experiments is still a 
sulject of discussion, especially when a case, like the oneerelated by 
-ugvcock, goes against the experience gained later on. At any rate, 
one zannot, as Brécy has done, draw the conclusion from them that 
-hey prove an identical projection of motion and sensation. Even 
-f we neglect the part which might have been played in these 
uxperiments by the vaso-motors, the chance of a diffusion of the stimulus 
zhroagh the arachnoid fluid was much too great; for the conductive 
zesis ance of the fluid forms only a small fractional part of the conduc- 
~iv2 cesistance of the nervous substance itself (Göthlin). 


$ 2—Clinical Investigations. 
(a) Common Sensory-motor Area or not ? 

Che experimental investigations with regard to the localization of 
~ecs:bility performed on animals have had reference to the symptoms of 
os unction only; but results obtained through experiments on animals, 
however well carried out, are not directly applicable to man, more especi- 
all> when the respective organs present such great differences as do the 
aunen brain and the brain of the animals in question. For this reason, 
wlil: admitting the great importance of these experiments for the 
de-eixpment of the ‘doctrine of localfzation, I shall not here deal with 
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"them fully, and shafl refer the reader io: ihe accounts on dis subject 


given by Soury and Monakow [140, 141]. EN 

The most important foundatton for our knowledge ‘with regard to the . 
sensory localization in the hurpan cortex is tpe clinical-observations on 
sensory defects consequent upon cortical lesions. Exner, Dana [43], and 
Lisso have shown, by means of extensive lists ‘of cases collected from the 


' hterature, that in the majority of cases of lesions within the central con- 


volutions sengory and motor. disturbances, occur simultantously; since 
then clinical and anatomical investigations have ‘added numerdüs contri- 
butions that do not permit of any doubt as to the possibility of a cortical 
sensory disturbance. Before passing to a final review of these clinical . 
cases gathered from the literature, I shall mention à few facts of 


' importance when judging a heterogeneous set of cases. of this kind 


collected from different authors. First, it is clear that such’ cases ‘that 
have been a subject of anatomical, and also ultimately histological, 
examination are those that give the most certain material for judg- 
ing the locality and extent of the lesion. The certainty is naturally - 
less with regard to lesions verified ‘only. by trephining on account- of 
the total view of the case not’ being so good, and the possibility that 
multiple lesions may be overlooked. As regards injuries, the locality of 


_ the lesion is often pretty well defined by the place of the trauma, but 1t'is 


difficult or impossible to recognize the extent of the lesion. ` Lastly, with 
regard to the cases that have only undergone a clinical examination, 
it is, asl have previously pointed out, often.possible to decide whether 
the lesion was cortical or capsular, but it-is difficult to determine the 
area and extent within the cortex which was occupied by the lesion. 
Different kinds of lesions’ also have different value With regard ‘to 
localization. Tumours and abscesses are in this respect worst of all 
on account of the diffuse changes which may be found outside the area 
of the lesion itself. These may make themselves noticed histologically 
(Redlich.[170]); or may arise from processes of a functional nature—a 
diaschisis. This, on the other “hand, explains the mixture of local and 
remote action which is characteristic of tumours, and which may highly 
complicate the picture presented by the disease. Further, the symptoms 
of lost function do not always appear with the same regularity in con- 
nexion.with these processes as in the casé of those vascular lesions with 


. an‘acute onset, and they may sometimes be altogether missing, as in two 


cases of tumour in the motor area without paralysis related by Byrom 

Bramwell [17]. Whether the axis- cylinders, proved by Marburg to be 

presertt inside tumours, can in such cases help in maintaining function 
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s, after all, uncertain when we consider the distinct pathological changes 
presented by the axis-cylinders. In spite of these objections а large 
number of investigations dealing with’ this subject made dunng recent 
vears are based on cases pf tumour or abscess. 

In my collection I have included almost entirely cases where the 
'esion was situated above the internal capsule. Still, it must be 
2ointed out that the cases I have quoted ¿do not altogether déServe the 
aame of corfical ones. . This applies especially to cases of thrombosis, 
пе most common local cortical lesion of vascular nature. For the 
sranches which enter the brain to go to the surface are of two kinds, 
zarly purely cortical and partly medullary. When injecting an area 
3f arterial distribution, its purely cortical branches are first filled and 
afterwards the medullary опеѕ—1.е., a greater pressure is needed in 
order to fill the latter (Monakow [141]). On this account the conse- 
quences of an ischemia are first noticeable in the arteries of the 
medulla, and later on in the cortex. The expression ' cortical" is 
saus somewhat incorrect when speaking of a thrombosis. Similarly 
n the great majority of cases of local lesions of some other nature 
—as, for instance, in tumours—the process has had time at autopsy, 
luring life or post mortem, to affect the medullary substance of the brain, 
ayen in cases where the lesion has started from the cortex, Traumatic 
:esions or affections starting from the membranes of the brain may, 
nowever, produce a purely cortical destruction. 

Although the expression “cortical” is undoubtedly incorrect in the 
majority of cases, I have still used it in the following connexion in contra- 
aistinetion to capsular. The cases I have collected have been those 
where definite and, in the majority of cases, positive statements are to 
he found with regard to sensory disturbances in connexion with cortical 
iesions. It would have been a great advantage if, in addition, I had 
keen able to relate those cases from the literature where a definite 
negative statement 1s to be found concerning disorders of sensation. 
Slight sensory disturbances, however, are often difficult to detect, and 
may thus have escaped attention im many cases which have not been 
specially examined with regard to this point. A short statement of 
shis kind—" no sensory disturbances ’—is in such cases of very little 
value. 

The question of cortical localization of sensation is intimately con- 
zecied with the question whether a common sensory-motor zone 
exists or if there are different areas of projection for the motor and 
- sensory functions. A chiefly sensory-motor zone is accepted by several 
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! . ч 
investigators—Dana, Henschen, ‘Dejerine, Long, Verger, Horsley, and 


others—-and the region of this projection is said to consist chiefly of the 
central convolutions. Henschen,* however, when discussing one of his 
cases ([85] Case, 16]), asserts that the sensory function is more 
represented in the posterior central convolution. The localization of 
a common sensory-motor zone in the central gyri was made before the 
appearance of the facts that paint with such decidedness to-a hmitation 
of the motility to the anterior central convolution, and’ ‘the authorities 
above mentioned have not since then reconsidered’ their positfon with 
regard to the question, as far as І have been able to make out. · Long. 
[119], it is true, accepts the supposition that motility is limited to the 
anterior central convolution, but, at the same time, he does поб: mention. 
anything about his position with regard to the above question. 

In the previous part on the symptomatology of sensory disturbances 

. I have pointed out that cases exist where the sensory or the motor 
function may be separately affected as the result of a cortical lesion, and 
it is. consequently, possible to meet with cases showing purely motor or 
purely sensory loss of function. This may happen at a time when there 
can be no question of a substitution on the part of other centres and 
tracis. -This proves that ‘sensation and motility have a different localiza- 
tion in the cortex, & view which is accepted by Mills, ‘Spiller, 
Oppenheim, Monakow, and others. 

It next remains to consider the topographic position and the extent of 
the sensory projection on the surface of the hemisphere. The frontal 
lobe may be at once excluded, and the fact that sensibility cannot be 
localized to the anterior central gyrus will necessitate its localization 
behind the sulcus centralis. "This is in agreement with Roussy’ s case of 
thalamic lesion, where. the degenerated fibres were found to go chiefly to 
the posterior central convolution. Further, it agrees with Campbell’s 
conclusions, and, lastly, it is supported by the one of the more recent 
clinical investigations. - > 

As а matter of fact, there are а considerable number ‘of cases to be 
found in the literature where the sensory disturbances have more or less 
predominated, or where disturbances of motion have been almost entirely 
absent or extremely slight, and the lesion was situated behind the sulcus 
centralis. Of this condition instances.are to be found in the cases ру 
Binswanger (Case 3), Broadbent, Bruns (Case 2), Burr, Cadwalader; 
Dercum and Keen, Durante (Case 7), Grisson and Sanger, ‘Jany, Kahler 

‘and Pick, Mills and Pfahler, Mills, Keen and Spiller, Mills and 
Weisenburg (Case 1), Mills and Frazier [133], Monakow [142] Case 3, 
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142] Cases pp. 671 and 687), Oppenheim ([155]* Case 2, [156] Case 6, 
107] Case 2), Pierret, Roussy, Savill (two cases), Spiller ([192] Case 1), 
Zeler and Dercüm, Stauffenberg (Cafe 1), Walton and Paul (Case 2), 
Vester [224], Westphal, To these thjrty cases from the hterature I 
-nay add three of my OWn;—VIZ., the Cases XIX., XX., XXI. А 

Cases showing very marked and extensive sensory disturbances have, 

“archer, been published by Morax and, Reymond, ЪФ in езе cases 
глеге seems to have been some additional superposed factor such as 
гу еца? 

Further, numerous cases have been described presenting lesions in 
zac central convolutions only, or in the central and parietal convolutions, 
2 which the lesion has caused definite motor as well as definite sensory 
Ziszurbances. Here І do not intend to dwell upon these well-known 
Acs. 

On the other hand, I wish shortly to touch upon some cases in which 
ззгѕогу symptoms were observed notwithstanding the fact that the 
Laon at the operation or post-mortem was found in front of the central 
znleus—-that is, in front of the sensory zone. Cases of this kind have 
Tenn published by Barker, Beger, Bonhóffer ([14] Case 1, [15]Cases 1, 2 
zni 8), Dana ([48а] Case 1, [43b] Cases 2 and 3), Grasset, Herbold 
‘Case 1), Hoppe (Cases 5 and 8), Horsley ([90] Case 1), Krause (р. 965), 
Laycock, Leyden, Mann, Petrina (Cases 1, 3, 4 and 6), Mynter, Nason, 
Redtenbacher, Starr and McBurney. When Bonhóffer in two cases— 
([. 4] Case 1, and [15] Case 2)—and Dana in two cases—([43a] Case 1, 
an] [43b] Case 2)—as well as Horsley, Krause, Leyden and Mann, 
focnd sensory disturbances attending lesions of the anterior central 
zonvolution, this condition may be easily enough explained by the 
lesion having been of so great an extent that it might have injured 
zuacortieally the tracts of projection of the thalamus passing to the 
yo-terior central convolution; with regard to Mann’s case, it is even 
staied that the posterior central gyrus had grown narrower, in spite of 
the fact that the lesion on the surface did not reach behind to the 
su_cus centralis. In a majority of cases, however, no account is given 
zs to the size of the lesion. 

Still, in the majority of these cases the lesion is of such a nature 
that it may easily have caused a functional disturbance by means of 
iemote action in the macroscopically or, as in Petrina’s cases, even 
microscopically normal posterior central convolution. In Barker’s and in 
Beger’s cases, in Dana’s third case ([43b] Case 2), in Hoppe's 
Case 8, and in Redtenbacher's case’ we have to deal with a tumour; in 
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Herbold's case again, in Hoppe’s Case 5, and in Nason’s case there 
was an abscess, and in Petrina's Case 6 there was з tuberculous mass: In 
still another couple of cases, it is'frue; а vascular lesion was ‘found, but of, 
such a recent date that remote agtion may be pyesumed, and the sensory 
disturbances thus explained. This was also te be suspected in Mynter’s 
and in Petrina’ 8 Case 7; moreover, in the former of these cases the 
hemorrhage was’ of traumaticeorigin. In Starr's and McBurney’s case 
the hemorrhage had extended into the central sulcus, and direct i injury 
to the posterior central convolution was therefore probable. А similar 
possibility exists in Bonbóffer's.case ([15] Case 1), in which some full 
veins of the pia mater of the. anterior central convolution had been 
ligated. With regard to Laycock’s case and another of Bonhóffer's 
- cases ([15] Case 3), the sources of error, when deciding the topography 
of the lesion, are tog great to allow of any conclusion as to the 
greater or lesser extent of the lesion posteriorly; and in Redlich’s 
review of Grasset’s case no. detailed accounts are given as to the 
extent of the lesion. . А 
| Petrina’s Cases 3 and 4 are more difficult to explain. Here vascular 
lesions existed of such an old date that no initial diaschisis can be 
assumed as the cause. But as in several.cases showing similar lesions 
of the parietal region motor disturbances. were found in spite of this 
function being localized to the anterior central convolution, it seems 
also justifiable in Petvina’s cases to refer the sensory disturbance to 
a remote action. 

On the -other hand, Nothnagel iid Mills have found that lesions 
localized to the anterior central convolution. may run their course with- 
out giving rise to sensory disturbances. This is also Monakow’s and 
Oppenheim’s experience, and cases pointing in the same direction have 
also been related by Bergmann (cit. Vetter), Redlich [169], Long [119], 
and Forster [68]. I myself have had the opportunity of observing such 
‘a case, in which the diagnosis was proved at the autopsy by means of 

- histological examination. In two cases—Dana ([48b] Case 3) and - 
Hoppe (Case 6)—0f tumour in the gyrus centralis anterior there was 
at first a pure motor paresis, and the sensory impairment (which in 
Dana's cases was only transient). appeared after trephining. 

From this it is evident that lesions of the centro-parietal region 

. often give local sensori-motor symptoms, but at the same time 
where the lesion was situated behind the central sulcus, the” sensory 
symptoms may predominate. Study of the literature shows that this 
is the chse only in lesions localized in this position. Further, іб 18 
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evlert that in connexion with lesions of the amterior central con- 
vo.:tion sensory disturbances may be absent, and finally that those cases 
sh--viag sensory füsturbances in connexion with lesions affecting the 
amerior convolution, or parts situated still further forward, do not entitle 
us ~o presume a sensory function in these parts; for the sensory, dis- 
tu-bances in all these cases, with the exception of two, may be 
exz.aimed by the size of the lesion or through remot® actiow. The 
clinical and aftatomical facts thus agree with the results of experimental 
axi histolegical investigations of recent years, that a common sensori- 
motor area does not exist in man. 


(b) The Extent of the Sensory Projection-Area. 


CLnieal experience thus shows that motion and sensation have 
dierent localization. It also shows that sensation is localized behind 
тыу, but when it 1s a question of drawing the boundaries of the 
sensory projection our knowledge is less certain. We are, it is true, able 
to Craw with great accuracy the anterior boundary for the sensory pro- 
jection somewhere near the central suleus, but not without a certain 
re: zrvation for individual variations on account of Sherrington’s discovery 
wr. 1egard to the boundaries of the motor area. That the border of 
ths sensory projection cannot lie behind the posterior central convolu- 
ticr, and that this, consequently, is a part of the sensory projection, is 
przved by numerous cases that have been investigated in detail with 
теге to sensation, where a lesion has been situated either to the central 
cozro'ution alone, as in the cases of Krónlein, Knapp [102], Gray, 
Grisscn and Sünger, Monakow ([141] p. 671), and Horsley and Russel 
(Case 3), or to both the central convolutions without having gone beyond 
tham posteriorly. Cases of this kind ‘have been published in great 
numbers, and I will here draw attention to the cases by Dana, Edinger, 
Friedländer and Schlesinger, Gros, Bramwell, Horsley and Russel, 
We-:n'cke, Wilson, Verger, Verger and de Boucaud, Petrina, Levi. In 
thaze cases obvious sensory disturbances existed, and the anterior central 
convolution being motor, not sensory, it is evident that the lesion 
oc:upring the posterior central convolution in these cases was the cause 
of the sensory disturbance. 

Or the other hand, the posterior boundary of the cortical projection 
can be defined with less exactness. It may, however, be said to extend 
postenorly beyond the posterior central convolution, and the opinion 
ех essed by Long and Henschen, to the effect that the sensory projec- 
ticn posteriorly does not extend beyond the posterior central gyrus, is not 
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suffüciently supported by their own cases of cortical lesion, all of which 
presented foci involving in addition the pariejal lobe. ' Further, several 
cases have been published of lesions occupying the parietal lobe attended 
by sensory disturbances. Thus in the majority of cases previously 
quoted, where the sensory disturbances a peared earlier or even pre- 
dominated in comparison with the motor disturbances, the: lesion 
occupiéd the p&trietal lobe exactly. Monakow's case ((142] Case 3) showed 
marked disturbances of the muscular sense from a lesion ef the medulla 
of the angular and supramarginal gyri, although both central convolu- 
tions, together with their tracts of projection, were microscopically 
normal. This, together with Stauffenberg’s recently published case, 
proves that the parietal lobe possesses sensory function. And in a great 
number of cases which, during an early stage of the disease, showed 
grave motor disturbances, in addition to the sensory disturbances, the 
lesion occupied the parietal lobe. Cases of this kind'have been pub- 
lished by Henschen ([85] vol. i, Case 18; vol. iii, Cases 6 and 11; vol. iv, 
Cases. 2 and 12), Long ([118] Cases 3 and 5), Madden, Souques, 


. Wernicke and Hahn, Stewart and Vetter. These cases are, however, 


less convincing than the former ones, as the presence of motcr 
disturbances clearly points to an obvious remote effect on the part 
of the lesion, which naturally must have influenced not only the 
anterior but also the posterior central convolution and the respec- 
tive tracts of projection. 

Definite support for the sensory function of the parietal lobe is 

furnished by Monakow [141],'who found degeneration of the lemniscus 
in connexion with purely parietal lesions. It would thus seem to be 
obvious that at least certain parts of the parietal lobe are provided, with 
sensory function. 
* But it seems doubtful whether the whole of the parietal lobe hes - 
sensory function. Gordon [7 8], for instance, found in a case of gunshot 
injury, followed by considerable destruction of the parietal lobe, that 
sensation was fully intact, but, unfortunately, no further information ‘s 
given with regard to the extent of the lesion in this case. In the. 
previously quoted case by Mills and Frazier [133], where а benign cyst 
occupied the angular gyrus, the sensory symptoms had such a distribu- 
tion and were so slight that one is entitled to presume they were due to 
remote action and not to the lesion itself, still more so as they completely 
disappeared after the operation. Not even disturbances of the muscular 
sense always appear in connexion with small lesions of the supra- 
marginal and angular gyri, according to Cornil, Jastrowitz, and Monakow 
(cit. Monakow, [141 ]). ° e • 
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Jr this account 1} is probable, as shown by Mills on his diagram 
«[2£9 p. 888), that the whole parietal lobe is not provided with sensory 
fur. пор, or at anyerate that the sensory» function is not equally marked 
in зде whole lobe; and even if at present it is impossible to define the 
po terior boundary of the* sensory projecfion-area in man, still, on the 
otl«7 hand, 16 is certain that the anterior part of the parietal "lobe 


has sensory function. 3 os e 2 


. 
(с) Subdivision of the Sensory Projection. * 


-ust as the motor projection is divided into subcentra for the 
incvements of different parts of the body, so the sensory projection, 
as ias been pointed out by Mills and Weisenburg, is divided into 
su»serira for the sensation of different parts of the body. From cases 
fraz she literature and from those under their own observation these 
au Lors have proved the possibility of a partial sensory disturbance 
fol: wing a cortical lesion affecting, for instance, only one or a couple of 
finzzrs. When giving an account of the distribution of the cortical 
serrory disturbances I was able to add a number of cases from the 
hitecatare, together with a few of my own, to' those related by Mills and 
W2.seaburg, which demonstrated a partial distal sensory disturbance. 
Brt besides this partial distal type, a few cases are also met with showing 
dieders of sensation more marked proximally. Неге a similarity is 
forcd between the distribution of the motor and sensory disturbances of 
mcthy, often of different intensity in different parts of the hand, and 
rares also exist, though less commonly, in which the paresis is less 
merked distally than proximally. 

“fils and Weisenburg point out that the paralysed extremity also 
preserts the greater sensory disturbance, an observation of the same 
kitc as the one.advanced twenty years ago by Henschen against the 
doztine of ' Carrefour sensitif.” But, whereas Henschen and others 
drew the conclusion that motility and sensation had the same projec- 
tice, Mills and Weisenburg drew the conclusion that motion and sensa- 
ticz of one and the same part of the body stand in a close topographical 
xebion to each other, are situated “at the same horizontal level," but not 
thi. they coincide with one another (a doctrine agaist which Mills has 
lorg a-gued).. The sensory functions which Mills and Weisenburg found 
£o Le affected had reference both to the cutaneous and muscular senses. 
Bet tLe disturbance of cutaneous sensation is not constant in these cases 
of partial distal sensory disorder, as is pbvious from cases selected from 


the iteratuze and from my own obserwations narrated above. Ampngst 
ERADN.g-VOL, XXXI. . 
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these there were several showing an affection of the-muscular sense only. 
The fact that Mills and Weisenburg found stgreognostic perception als) 
affected to the same extent as &he cutaneous and mfiscular senses is cf 
less interest with regard to the division of sensation into subcentza ; for, 
as pointed out by Dejerine [51], a disturbance of the more simple i 
tion is followed by a disturbance of the complicated function into which 


the former enters as a compgnent. 


(d) The Cortical Роя of the different Sensory- Tuia (the ` 
Cutaneous and Muscular Senses). 


(a) Simple and Associated Functions. 


If, then, sensation has a widely distributed area of projection, and 
since it is possible to distinguish physiologically different functions af 
sensation, we may presume that these different functions of sensation 
have different areas of projection on the cortex. =. 

As, further, Campbell has proved that undoubted histological differ- 
ences between different parts of the large sensory area of projection cer- 
tainly exist, this presumption gains in strength. But even though we 
cannot draw any direct conclusions with regard to function from these 
structural differences it is justifiable to suppose that difference in structure 
is associated with functional differences. And when Campbell found thas 
the anterior part of gyrus centralis posterior, but no part of the sensory area 
behind it, showed réaction à distance, after capsular hemiplegia and ampu- 
tations, this indicates, as he points out, that the anterior part of gyrus 
centralis posterior stands in closer relation to the periphery than do 
parts situated. more posteriorly. Roussy’s discovery that the. thalamic 
fibres ran specially to the posterior central convolution also points 
- tc a functional difference compared with the parietal lobe. Campbell 
is of the opinion that it is “common sensations” that are localized 
tc the post-central area proper, whereas.it seems as if he were inclined 
tc locate the muscular sense to the intermediate post-central aren 
(1857 p. 306). 

It might, however, be objected that, even if it is possible to differ- 
entiate between different centres with regard to their closer ox more 
remote relation to the periphery on the one hand, and on the other te 
make a division of the functions into simpler and more complicatec 
ones, we are not entitled to place on the same level a definite выше 
апа э, definite function. 4 . 

» ° 
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Sensory functions may be simple or complex; for'instance, the per- 
~epiaon of a touch pure anf simple is a less complicated function than 
verception of touch arid. its locahzation.' The latter is an associated 
2uncsion which is most likely composed of more, components than the 
sizmrle sense of touch only, judging from the fact that disturbances of 
lozaizsiion have been discovered in association with disturbances of now. 
опе and now another function. Disturbance of any components of an 
scmcplieated function ought to lead to a disturbance of the function itself 
(Desrine [%8, 51], Morton-Prince); It might be possible that a dis- 
turbance of one conaponent could be compensated to a greater or lesser 
Девтзе, but in order to prove with certainty the existence of a limited 
local centre for a complicated function, disturbance of its components 
muss be excluded, obviously in many cases a difficult task. 

Bu, by examining the tactile sense and the power of localization, it 
is pz ss:ble to compare the condition of a comphanted function and one of 
its 10st important components. ` ' 

*Viih the perception of passive inovements this is not possible. It is 
posz-ble to compare the perception of movement as such with the per- 
зєртоп of the direction of the movement; but, as Nagel points out, even 
tke iormer function is to be considered as a complicated one, composed 
of sensations from different organs. We do not know with which organs ' 
tkese sensations are connected, and the components which enter mto the 
perception of -passive movement are at’ the present inaccessible for 
slm2al investigation ; but disturbances in these components ought none 
tke Jess to cause a disturbance i in the perception of passive movement 
and position. ., 

In its turn this function, the perception of movement, no doubi 
plays the part of a component, and is of the greatest importance in the 
заве of the highly developed functions co-ordination and stereognosis ; 
tke relation between the muscular sense and stereognosis thus becomes 
3nalogous'to the relation between tactile-sensation and power of localiza- ~ 
tior- But many other functions are included as components, among 
othe-s possibly the function of motility. For this reason we ‘should 
expect that the more complicated’ functions would show disturbances 
mors cften than the simpler ones as ‘the result of cortical lesions, and 
shis is fully confirmed by clinical experience. 

The funetions .on which I have. concentrated my "attention are 
she =utaneous senses-and one function of the muscular senge—viz., the 
perception of passive moyement—and I have tried to obtain a conception 
of their localization within the sensory* zone on the basis of cases “from 
tke Tterature and from my own experience. 


e 
з 


* 
D 
LI 


. ki ^, : 
450 ORIGINAL ARTICLES AND CLINICAIÜ CASES 


Я 


: (8) The Localization of Cutaneous Sensibility. 

In the case of lesions withip the whole of the centro- parietal regien 
the simple cutaneous senses have been reported to haye been disturbed, 
especially in recent investigations. This is $o obvious that I shall only 
refèt to Dana’s [48] and Long's [118] "investigations with Egan io 

‘this point. e 

In connexion with lesions within the central convolujions ame one 
finds statefhents as to disturbances of the cutaneous senses. Unfar- 
tunately, a microscopical examination has not been made, and the 
boundaries of the lesion cannot be said to have béen ‘established wish 
certainty. Such is the case in the cases by Albertoni and Brigatii, 
Dana ([48a] Case 4, ([48b]. Case 1), Darkschewitsch, Friedländer and 

Schlesinger, Horsley ([89] Case 1, ([90] Case 2), Horsley and Russel 
(Case 2), Verger and de Boucaud, Wernicke (Cases 1 and 2), Walton 
and Paul ([217] Case 2), and Grisson and Sänger. And of special 
: interest in this connexion are the cases of small lesions which have 
‘been published by Gros, Levi, Gray, C. Knapp [109], Krénlein, 
Monakow ([141] p. 671), and Thomas. . i 

Disturbances in the simple cutaneous senses have also been observed 
in connexion with lesions in the gyrus centralis anterior, which hawe 
not directly attacked the sensory zone, at least macroscopicaly. 
But even in cases where the lesion has been situated in the parietal 
lobe without affecting the central convolutions macroscopically, : or | 

at the autopsy i vivo, one often finds definite statements that 
disturbances, though slight only, were present in cutaneous senses. 
(Bruns (Case 2), Cornil, Durante (Case 8), Henschen ((85] vol. Т.Т, 
Cases 6 and' 11; vol. IV, ‘Case 1), Mills, Keen and Spiller, Mills 
and Weisenburg (Case 1), Mills and Frazier [133], Mills and Pfahler, 
- Oppenheim ([154], [156] Case 6, and [157] Case 4), Petrina (Case 5), 
Pierret, Roussy, Souques, Stauffenberg (Case 1), Teller and пша; 
' Westphal, and Vetter)  : 

In a great majority of these cases no microscopical examination was ` 
made, and in many of them a remote lesion may be suspected ; but still 
we may with certainty presume that lesions situated either in ‘the 
central or parietal convolutions may cause disturbance in the simple 
cutaneous senses. , : 4 

But the disturbances of the "E cutaneous senses are not constant 
in-connexion with these lesions. The absence of disturbances of simple 
cutaneous sensations in connexjon with local lesions of the central ccn- 
volutions is mentioned in a ease by Diller (Case 1, in which (abes was 
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alac orasent),’ farther by Hoppe (Case 4), Horsley ([90] Case 2), * The 
sei applies to a Jesion swithin the parietal lobe, where the simple 
cutaneus senses are stated to have been normal in cases related by 
Жог са [78], Oppenheim,([155] Case 2, [156]. Case 5), Starr and 
Melosh, Stewart (where disturbance of simple cutaneous senses,was 
=cumd only in connexion with an operation), as well as Monskoye (142]. 
Jas 8), where the posterior central comvolution at a? microgcopical 
ахасаїпайоп did not show any exchanges. Even if the legion occupies 
alres the whole centro- -parietal region, as in a case of Hoppe's, it may 
happen that the cuganeous senses are unaffected. This, however, would 
зеет. 20 be an exception. 

“Vith regard to my own observations, Cases XIX. and XX. are of 
іє езф in connexion with the question of the localization of cutaneous 
sensation. The extent of the lesion was in both cases very much alike. 
It crezpied the greater part of the parietal lobe, as well as the posterior 
pars cf the gyrus centralis posterior (microscopical examination on serial 
3eczons); but in the ‘former case the lesion was 14 year old, in the latter 
zase it was of a recent date. In the former case the simple cutaneous 
sensations were only slightly, in the latter greatly, affected. The reason 
why two cases with lesions so similar from an anatomical point of view 
have presented such different symptoms can with certainty be looked for 
in 225 presence of an initial diaschisis in the latter case, and to a 
secondary restitution in the former case; the cases thus do not contradict 
ihe Dresumption that the simple cutaneous senses are localized to the 
aaterior half of the gyrus centralis posterior, but they do not deter- 
minə whether this is the only localization. With regard to the localiza- 
tion. of simple cutaneous sensations, no knowledge can be obtained 
from. the cases quoted above from: the literature except, that the 
satanzous senses have certainly some representation in the posterior 
sertre. convolution, and that they are also most likely represented in the 
pariatel lobe. When it 18 а question of the nearer details of this locali- 
zatr, the accounts to be obtained from the literature are contradictory, 
and it is difficult to imagine a sharply defined focal projection for the 
zm»ls cutaneous senses of the same kind as exists in case of motility, 
mor especially when we consider how completely disturbances in the 
sinl- cutaneous senses may ultimately pass away. . 

This power of repair of the sensory functions is at the present à com- 
plese puzzle, showing as it does an apparent capriciousness, and all 
expauations up to the present time are*mere hypotheses. Henschen and 
Miler ascfibe this power of reparabtlity to the healthy hemisphere; 
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Monakow [141] is*of opinion that the simple cutaneous senses of each 


‚ part of the body are represented in a number of gyri; Cajal [34] cor- 


siders that the repair takes plaĉe through a real regeneration of destroyed 
elements, without mentioning any investigatign in support of this theorr. 
The power of localization, being an assqciated function, possesses the 


.power, of restitution to a much less degree, and may also present disturb- 


ances ùt an eatly stage of fogal lesion, without any disturbance of tactile 
sensation. Ыз may occur whether the lesion occupies "the central cr 
the parietal convolutions. (Bonhéffer [15] Case 1), Hoppe (Case &, 
‘Starr and McBurney, the lesion in these cases oogipying the central 
convolutions ; as well as Stewart, Walton and Paul ([217] Case " where 


‘the lesion also affected the parietal lobe.) 


Disturbances of the power of localization were also found in е 
cases where tactile sensation was reduced. 
Considering the connexion existing between disturbances of a simpler 


“and a more complicated function, it is evident that such cases do nct 


support a focal projection of the power of localization on the cortex. . 
Still, the power of localization being an associated function, disturl- 


` ances of 16 should be compared with disturbances of some other associated 


function, and not only with those of the “ simple ” cutaneous senses. 


(y) The Cortical Localization of the Muscular Sense (the 
Perception of Passive Movement). ' i 


The functions associated with the muscular sense are, as a rule, thoss 
that present the greatest disturbances with cortical as well as capsular 
lesions, and may even be.the only ones affected. That this is the саев 
with regard to the stereognostic power and symbolic recognition by touen 
is generally known. 

Ido not consider myself entitled to discuss the disturbances of this 
function in detail, as they lie beyond the limit of my investigation. The 


disturbances of muscular sense, which I have made a subject of closer 


investigation, are those which we generally have in view when speakinz 
of the muscular sense—viz., disturbances that have ‘reference to move- 
ment and position. These functions are, as a rule, affected in the case cf 
lesions of the sensory zone. They may be affected without the simple 
cutaneous senses showing any disturbance. In the case just mentionec, 
of simultaneous disturbance of the function of the muscular sense ami 
of the simple cutaneous senses, the disturbances of the former function 
were*much more extensive than disturbances of the latter, and in tbe 
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majority of cases ёз occurs whether the lesiow is situated in the 
arteriot part of the sensofy zone or in its posterior part. 

A dissociated sensory disturbance is'recorded in many cases where 
ti» ‘esion occupied the ecentral convolytions, or the anterior central 
coavo-ution—i.e., im casese where the lesion was situated either in 
the anterior part of the sensory zone, or affected it. from in front, 
Iu two of these cases only—viz., Grissen and Sanger’ s, and Starr 
агі McBurney’ s—is 16 mentioned that the muscular sense was not 
afiected, 8+ that the cutaneous senses, on the other hand, were disturbed 
(п. б.а’ and MeBurney’s case, however, only the power of localization). 
Tkes» cases would thus indicate that the muscular sense тау. be 
uraffected in spite of a disturbance of the cutaneous senses when the 
lezior from in front has affected the sensory zone. 

'This is, however, not the rule; in several of the cases where the 
lezion occupied the anterior convolution, and where definite statements 
with regard to this point are given, the muscular sense proved to be more 
atiacted than the cutaneous senses, Bonhóffer's cases ([14], [15] Cases 1, 2 
ard :), Hoppe's (Case 6), Laycock's, and, lastly, Krause's case with 
atsxia, where the lesion was also situated-in the anterior convolution. 
and ret the disturbance of the muscular sense was the most marked 
festure. Of special interest is Mann’s case, where, in connexion with 
Jacksonian epilepsy and especially after the fits, the greatest disturbances 
of the muscular sense were present, but during the residuary stage, 
aftsction of the muscular sense was less conspicuous than other sensory 
dis tuzoances. 

Thus in several cases where .the lesion from in front affected the 
sensory zone the disturbances of the muscular sense were those most 
prominent. The same applies to several cases where the lesion occupied 
th» anterior part of the sensory zone: Bonhóffer ([15] Casé 4), Edinger 
[59]. Horsley ([90] Case 2), Kronlein, Levi, Monakow ([141] p. 671), 
Mararow, Oppenheim ([156] Case 5, [157] Case 2), Gray, Knapp [102]. 
The same thing prevailed in my own Case XVIIL., in which the paralysis 
by degrees spread to the sensory region. 

From a study of the literature I have, however, obtained the impres- 
sicn that it 15 especially in connexion with lesions occupying the whole 
of the centro-parietal region, or the posterior part of it, that disturbances 
of tke muscular sense predominate. Cases where the lesion has 
ovzupied the whole of the centro-panietal region are, however, naturally 
lezs suitable for the study of localizatioh of the muscular sense. On the 
otker hand; those cases are of value which show a lesion in the posterior 
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pert of the sensory Zone with predominant disturb&nces of the muscular 
sense ; such cases have been described by Birfswanger (Case 3), Bruns 
(Case 2), Cadwalader, Dercum ‘and Keen, Herbold (Саве 2), Hudson, 
Mills and Weisenberg, Mills and Frazier [18%], Mills, Keen and Spiller, 
Monakow ([141] p. 687, [142] Case 3), Oppenheim ([154], [155] Case 2), 
Roussy, Souques, Spiller, - Starr and McCosh, ‘Stewart, „Walton and 
Paul (È17] Cases 2,3 and 4), Westphal, Wernicke and Hahn, Vetter, 
as well as my Cases XIX., XX., and XXI. In all, the distürbances of 
the muscular sense were ‘the most prominent sensory afféction; and 
in several of the cases distürbances of the cutaneous senses were entirely 
&bsent (vide p. 451). In this respect Henschen’s cases are especially . 
ecntradictory, but, as the method employed Фу him is not sufficiently 
definite and as his investigations have not been directed especially to 
this point, I do not consider that in this respect any decisive парога 
can be attached to them. 

This has been taken to mean that the centre for muscular sense is 
situated in close relation to that for motility (Wernicke, Bonhéffer and 
others), that muscular sense is situated in the parietal lobe (Mills and 
others), or that muscular sense is situated in both these places (Monakow). 

When we have to deal with that function of the muscular sense that 
is called stereognosis (symbolism), it is easy to explain-why: it is БО 
often affected as to be (Monakow) з remarkably fine reagent for cortical 
lesions. This function is of a very complicated nature; into it enter ` 
not only cutaneous senses and the simpler functions of the muscular 
sense, such as perception of movements and position, but also motion. 
For, as Markowa points out, a disturbance of stereognosis may result with 
disturbances of motility. 

| The same applies to co-ordination, and with regard to the Нанай 
in space І have tried to show this in the preceding pages. This function 
was affected partly in connexion with disturbances of the muscular 
sense and partly in one case in,connexion with disturbances of motility. 
With regard to the power of localization and the “sense of place," these 
functions may be affected in connexion with disturbances of one of their 
ccmponent functions, as, for instance, tactile sensatión, but may, on 
the other hand, be disturbed without any signs of affection of tactile 
sensation. In the majority of cases the sense of position and movement 
and the power of localization are simultaneously affected. Thus. the 
ecmplicated functions, unlike the simple cutaneous senses, are affected 
. alone or to a preponderating extefit whether the lesion is situated i in the 
anteriér or posterior part of the Sensory zone. But in cases where the 


* 
L] А e 


' * © CEREBRAL ,MONOPLEGIA т 455 


lesion does nof directly attack the sensory zone the same conditioh may 
occur through' remote action, as is evident from my Cases XVII. and 
XXL, as well as from Mann’s and Binsvfanger's experience. 

In my Case XVII. we dave to deal wijh a lesion (an abscess) which 
at first only gave motor symptoms of irritation and lost function, At 
this irme the lesion was limited to the motor zone; later, after con. 
vulsive attacks, sensory disturbances appeared, which “to begiñ with 
were of a transient post-paroxysmal nature. These transjtory sensory 
disturbances consisted of intense disturbance of the perception of 
movement and posetion with minimal disturbances only of the cutaneous 
senses; these transitory symptoms receded so quickly that at this time 
they cannot possibly have been due to organic destruction. During this 
recession the perception of movement and position was affected for a 
longer time than the cutaneous senses. When, later on, as the lesion 
progressed, lasting sensory disturbances appeared, those of the muscular’ 
sense were again most definite. In Case XXI., on the other hand, 
due to a lesion in the posterior part of the temporal lobe, the sensory 
disturbances developed at a late period of the disease, and the percep- 
iion cf movement was gravely affected, although there was a suggestion 
only cf loss of tactile sensation on the other'hand. In this case transtent 
sensory disturbances, particularly of the muscular sense, appeared in 
zonnexion with the attacks. ps 

We thus have two cases in which the sensory disturbances developed 
än connexion with processes which are generally followed by remote 
actior; they appeared in connexion with conditions which generally 
Äncrease remote action, conditions which, after the fit has 
passed off, quickly diminish, thus showing themselves to be of 
functional, not of organic, nature. In the former case the remote 
action extended from in front, in the latter from behind’ and below, 
оп to the sensory zone; in both cases the disturbance of the muscular 
sense was well marked, whereas in one case only the tactile sense 
showed any disturbance in the hand. А 

Now, however, the question presents itself whether the complicated 
mature of the muscular sense does not cause it to be affected to a 
higher degree than the ‘cutaneous senses through a remote effect 
(diaschisis) in connexion with cerebral processes of any kind. By 
diaschisis Monakow [141] means a kind of paralysis due to a loosening 
of local contact, dissolution especially at the transition of one neuron 
shain to another (eine “ Láhmungs efscheinung hervorgebracht durch 
sine lokale "Kontacktlockerung oder Фи]. und zwar ап der Ueberfangs- 
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stellet einer Neurohénordnung in die nüchstfolgende "). According to 
Monakow, a return of the function should take pints. through ' ' Neuglie- 
derung ” and “ Neueinübung.” * 

If one applies this hypojhesis of ТУТ to disturbances gt the 
musgular and cutaneous senses following qortical lesions, if seems not 
unlikely that the more complicated function in these cases, the perception 
of movement, Which may be presumed to be composed of several neuron- 
chains, should suffer more than the cutaneous senses, simpler functions 
which may be presumed to consist of less numerous nevfon-chains. 
This view might possibly explain why the muscular sense, as a rule, is 
found to be more affected than the cutaneous senses in connexion with 
cortical lesions, whether they attack the sensory zone from in front or 


‘behind. But, on the other hand, this view considerably reduces the value 


of ‘those cases which at present serve to support a limited localization of 


the muscular sense. 





ES 


The material from which the cases I have quoted are taken is 
naturally very heterogeneous. Thus it is clear that from the cases 
hitherto published it is only possible to draw conclusions with regard 
to the localization of the muscular sense within the sensory area with 
a certain degree of reservation. : This reservation becomes so much 
more justifiable if, as my Cases XVII. and XXI. seen! to indicate, the 
simpler and the more complicated functions were to show a reciprocal 
difference with regard to didschisis. Still, it is possible that the 
two cases of Grisson and Sanger and of Starr and McBurney, 
where the muscular sense was unaffected, in spite of disturbances 
in the cutaneous senses,“ may indicate that the muscular sense ів 


' situated behind the cutaneous senses. There is no support for a more 
detailed localization or circumscribed focal projection of these functions. 


Nor can we find any definite support for a circumscribed focal projection 
of the cutaneous senses, but there are strong reasons for believing them 
to be at least partly represented in the posterior central convolution. 

- It may, on the other hand, be regarded as proved that the projection 
on ‘the cortex of the motility and sensibility are separated; that the 


' latter is situated behind the former; and that it occupies the posterior 


central convolution and at least the anterior part of the parietal lobe; 
lastly, that within this sensory zone a subdivision exists for different 
parts of the body, as is the case within the motor zone. 

In bram-physiology the d¢onnexion between sensory function 
(especially that of the muscular *sense) and motor function has been 
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the subject of numerous speculations arid expermfental- investigations. 
Several physiologists areeof- the opinion that the motor symptoms of 
lost- fanétion are à consequence of the Sensory disturbances. In order 


distinstly to са ethe importance of ‘sensibility, Munk has, 


changed the name “‘moter zone" for ““Fiblsphere,” and in the 
paralysis appearing after extirpation of the Rolandic region he Sees 
a psychical disturbance, consisting in the loss of mofbr perceptions. 
An analogous standpoint is‘held by Bastian. 

The fa@ets-here brought forward seem to speak аена against 
Munk;s doctrine. ө From them it is evident, firstly, that motility may 
be affected in spite of.integrity of such highly associated sensory func- 
tious as the muscular sense, stereognosis,- and symbolism. Besides, I 
have shown that orientation in space can be unaffected in spite of 
evident, paresis. \ 


Munk's view also stands in opposition to those cases where sensation, . 


and more especially the various functions of the muscular sense, have 

been affected without the presence of any defect of motility. ' 
Consequently, since disturbances of the one or the other functions 

can appear alone, Munk’s view cannot be applicable to man. The 


problem' as to the significance of the motor conceptions for motility .. 


seems to me to lie beyond the scope of: this essay; with regard to 
this question I shall only call attention to.a case recently published 
by Förster [68] which seems to indicate that, it is not movements 
only shat are represented in the cortex, but that different muscles also 
have their projection area on the cortex, a New кашу ab variance ma 
Munk’ 8 OPOR; : 


" CHAPTER VI.—THE Spastic PRENOMENA IN CORTICAL, LiESIONS., 
-.  '" § L-Babinskis Sign. . 
When my cases are examined with regard to’ the occurrence 
of spastic phenomena, hypertonus,- contracture and reflex hyper- 
excitzbility, it is striking how little marked they were in the cortical as 


compared with the capsular ‘cases. The character of the spastic 
phenomena in cases of cortical and ‘capsular lesions does not seem to 


-have been the subject of any thorough investigation in the recent Itera- . 


ture, except with regard to the occurrence of Babinski’s sign. 
. This reflex „consists, as is well known, ina dorsal flexion of the great 
tae, cn stroking the sole, instead of plantar flexion. It occurs normally, 


while awake, during the first three years of hfe in rickety children, and 
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йол sleep still longer ‘(Pfaundlex) ; but beyond that age it points to a 
lesioned in the central motor tract. This is, as а fule, the earliest sien of a 
beginning" spasm, and often shoWs itself when in all other respects the 
limb is completely hypotonic. , Undoubtedly, however, there are cases in 
whick, Babinski’s reflex is not met with, im spite of the éxistence of a 
cerebral. paralysis (Ganault, Greffner, Prohazka, Goldflam), This not 
only ofcurs if lesions affeating the basal ganglia or the brachia 
(Oppenheim [158 ]), but also, according to Bychowski, in connexion with 
lesions situated in or close to the cortex; in Spilmeyer's sipgiflar case of ' 


. intracortical hemiplegia this sign was lacking, in spite of an increase of 


the tendon-reflexes and ‘the presence of contractures. | 
In my cases Babinski's sign did not appear in 7 out of 18 cases of 
cortical disease—viz. in VL, VIL, VIIL, XL, XIL, XV., XVIII. As 
regards Case XXIII, on the other hand, which will be related later on, the 
sign in question was at first present, then vanished during the contracture 


"+ period, but afterwards reappeared again. In four cases Babinski’s sign was 


preseni—viz. in IX., X., XIII. and XIV., whereas in the remaining 
five cases it was doubtful. Thus in a considerable percentage of this 
small collection of cortical lesions the Babinski reflex was lacking. _ 
The practical significance of the fact that Babinski’s sign is often 
absent in cases of cortical lesions is obvious, considering that the absence 
of this.sign in a paralysis of the cerebral type has been considered to 


denote that it is of functional origin. 


$ 2—The Tendon Reflexes. 


As is well known, an increase of the tendon reflexes and, а condition. 


‘of hypertonus of the muscles generally occur in most cases of supra- 


nuclear lesions. In Monakow’s account of this question in his “ Gehirn- 
pathologie” (p. 537) exaggeration of the reflexes is put on a par with a^ 
hypertonic condition of the muscles as being a lower degree of the same 
process. Hence the: conditions which hold good with regard to ihe 
appearance of the higher degree, hypertonus, also ought to be valid with. 
regard to the occurrence оѓ ће lower degree, excess of the reflexes. Оп 
the other hand, it ıs evident that excessive reflexes may occur without 
hypertonus being present, or before it has had time to develop. The 
time at which the reflex hyperexcitability develops in a hemiplegia varies 
considerably, but according to Monakow and Oppenheim it comes on as 
soon as the patient wakes up frem the comatose state. Contractures 
seldom» show themselves before the end of the second wéek, usually 
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between the sixth and twelfth week (Dejérine); and are КО, accom- 
panie3. by an increase of.hė tendon reflexes. In all my twenty-five cases 
of typical capsula ‘hemiplegia the spastic symptoms were defimte, and 
reflex hyperexcitability wgs present as well as hypertonus. 

During the initial limp, paralysis, which is. considered by Monakow 
to be due to diaschisis, an increase of the reflexes ‘does not occur as long 
as the diaschisis period lasts, as a rule merely a few @ays. ` Th tabes, 
Oppenheim [158] has shown that an exaggeration of the, reflekes may 
be tctallye lacking. То this complication Oppenheim. attaches great 
impoztance, and, according to his experience, such a case of hemiplegia, 
withcut excessive reflexes, frequently turns out to be a tabes, even 
though a tumour has been’ the cause of the paralysis. Graffner has, 
furtharmore, arrived at the conclusion that in diabetes and in marasmic 
conditions, due, for instance, to pernicious anemia or pulmonary tuber- 
culos.s, the reflexes may be totally absent, or, at any rate, no marked 
increase of the reflexes may occur after a hemiplegia.. The very brief form 
of his statement,makes it, however, impossible to decide whether in those 
few cases the result has not been influenced by some other circumstance. 
In cases of tumours.and abscesses it frequently happens, as Sternberg has 
pointed out, that no increase of the reflexes takes place, and the very 
large number of reports of cases of this kind ‘that have since appeared 
has fully borne out his statement, both with regard to capsular and 
cortical tumours. In two cases Reh was able to show that the reflexes 
disappeared during periods of increased intracranial pressure. But in 
four other cases amongst those collected by Reh, where the reflexes were 
permanently lacking, changes in the posterior columns ‘were found. . 
According to Collier and Batten, degeneration of the posterior columns 
occurs in most cases of cerebral tumours, but its intensity and extent is 
so insignificant (Petrén) that it can scarcely be thought of as an explana- 
tion, the more so as such degeneration has been also found in connexion 
with vascular lesions attended by an increase of the reflexes (Guillain). 
Further, ' it sometimes happens that in infantile hemiplegia the reflexes 


` ате lacking. (Long and Noica). According to Mills [129], some spinal 


complications should always be suspected in such a case. With regard 
to ome case, Long [119] is of opinion that the absence of increased 
reflexes may be.put down to a lesion that had originated so early (intra- 
uterine ?) that the pyramidal tract was not yet developed. 

‘The locality of’ the lesion may also be of importance -independently 
of its character. Thus, it is well known that in lesions of the cere- 
bellum, &t., Ње: knee- jerks may be wanting. . But this is a question ` 
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which*does not dirtetly concern us here. According to Williamson, 
this holds good also with regard to affections of the frontal-lobes ; 


' but, as the cases upon whiclt he bases this stafement consist of 


tumours and abscesses, it coincides. with wht Sternberg has found. 

Ry some such complication it is possible фо explain why the reflexes 
ате not exaggerated in some particular case of supranuclear lesion. 
But I Rave foufid vague allusions only to the fact that the cortical seat 
of the lesion may in itself be sufficient cause for this absence of exag- 
geration of the reflexes. Oppenheim, for instance, in the last edition of 
his text-book, mentions that in monoplegia hypotonpus occurs excep- 
tionally, but he does not say whether he refers to tumours or vascular 
lesions. 

Monakow [141] i is the only author, as far as I Жуй seen, who gives & 
somewhat more detailed account of the varying extent to which hyper- 
tonus is present in different cerebral affections ; and as he considers that 
reflex hyperexcitability is a lower degree of the same process, I may be 
justified in recording his views in this connexion. According to Mona- 
kow, the hypertonic state becomes more marked the nearer to the spinal 

cord the lesion lies within the motor path, and the more completely the 
motor tracts have been destroyed ; further, cortical or subcortical ataxy 
may be' attended by a hypotonic condition, whereas more extensive 
lesions within the motor zone are followed by contractures. It should, 
however, be observed that the hypertonus becomes less marked if 
disorders of sensation exist at the same time. 

Dejerine [48] and Striimpell [205], on the other hand, are iol opinion 
that cortical and capsular lesions behave in an exactly similar manner as 
far as the hypertonic state is concerned; and Mills [129] believes that, :f 
the reflexes are not increased in a case of hemiplegia, an extra-cerebral 
affection should be suspected. : 

` Passing on to my own cases, ib will be found that. all those with 
capsular lesions (except Case V., of which more below) presented marked 
hemispastic symptoms. But amongst my cortical cases an increase of 
the reflexes were present in ten instances—viz., in Cases VI., IX., X:, XII., 
XII., XIV., XVI., XIX., XXIL, and in Case XXIII. (described further 
on in this chapter), but only in Cases IX. and XVI. was the increase 
comparable with that usually met with in a typical hemiplegia. The 
increase was, however, strange to say, greater in that extremity which 
was not paralysed. In six cases—viz:, VIIL., XL, XV., XVII., XVIIT., 
and XX.—the reflexes were equal on both sides. In two other cases 
the reflexes were even weaker ‘on the paretic side—viz*, in Cases 
VII. and XXI. ; 
y ` . 8 
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In Case V., which belonged to a transitional type*between a cortical | 
and a capsular lesion, the yeflexes of the legs were excessive, those of the 
arri diminished; even in Cases XIV., XVI., XXI. and XXIII. such a 
diference existed, though less strongly. In these five cases the arm alone 
was paretic or more so than „the leg ; in Case IX. , again, where ihe leg 
presented the highest degree of paresis, there was present an exaggera-. 
tioa of the reflexes of the arm, but not of tpe leg. < 

The contrast between the cortical and the capsular cases is striking: 
Caa this coatrast be explained by the existence in such cases of some 
cirsumstance alleged 1n the literature to be the cause of the non-occurrence 
of -he fypical increase of reflexes? This could have been the case, how- 
ever, with regard to a small minority only. I need not dwell upon 
the fact that several of these cases, cortical as well as capsular, when 
they first came under observation, did not present ‘any exaggeration of 
the reflexes, but showed an initial limp paralysis, which afterwards 
disappeared. Further, in Cases; VL, XVII., and XX. the paralysis 
was due to an inflammatory lesion, and m Case XXI. to a tumour— 
ie. to processes which often occur without any increase of the reflexes 
at all. | 

. A complicating process might perhaps have been of some influence 
in Јаѕеѕ VIL. and XIV. In the former, metasyphilis was certainly pre- 
seri. In the latter there was also syphilis in the patient's previous 
hissory, and he had a right-sided hemiplegia and a left-sided hemi- 
atrophy of the tongue. True, this latter symptom may have been 
due to some other lesion than that which had caused the hemiplegia, 
but, on the other hand, it also occurs in some rare cases of tabes. 
No other reason to assume tabes existed in-this case, and, moreover, 
the reflexes were increased in the lower extremity. Still, on account 
of Dppenheim’s experience, these cases must be lóoked upon as less 
corvincing. In Case XV., on the other hand, we have to deal with 
corsiderable alcoholic excess; but, considering the fact that in the 
corimon cases of capsular hemiplegia in alcoholic persons the normal 
exeggeration of the reflexes appears as usual, we are justified in 
neglecting this complication. That in Case XII. there is reason to sup- 
poe that the lesion had attacked the frontal lobe is of no importance, as 
the lesion was evidently of a vascular nature. Moreover, as distinct 
mozor paralysis existed, it must have attacked the motor zone also; 
herce there is no reason to discard this case. 

If I eliminate Cases VL, XVIL, XVIIL, XX., and XXI. ой account of 
the nature ef the process, add Cases УП. and XIV. on account of the 
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presence of a possible complication, nine. cases of cortical lesion still , 
remain where the explanations previously reqprded in the literature are 
not sufficient to account for the non-appearance 9f the usual reflex 
hyperexcitability. In three, of these cases," VIL, XL, and XV.—the 
refigxes were equal on both sides ; ; in six—X., XIL., XILI., XIX., XXII. 
and XXIII. —— еу were slightly increased; in two Cases only—IX. and 
XVL--was бе exaggeratiqn of thé Nr e comparable , with 'that 
which usually occurs in ordinary hemiplegia, but it wa’ most marked 
in the extremity which was less paralysed. Of these Cases XIX. and 


‚ХХІ. showed mainly sensory signs. 


Case V. is of interest in this connexion, for the anions alexamina- 
tion shows that cortico-vascular lesions need not give rise to-hyper- - 
excitability of the reflexes. The case presented.a limp paralysis of the 
arm with loss of reflexes; the leg was not paralysed, but highly paretic 
and the seat of hypertonus with exaggerated reflexes. The onset dated 
eight months back, and the paralysis was residuary. Post-mortem there 
was a vascular lesion, which had destroyed the centre for ihe arm and its 
paths of projection cortically and subcortically down to the basal ganglia. 
The cortical centre of the leg was, on the other hand, uninjured, but its 
paths of projection had been affected just above the’ basal ganglia. -This 
case seems to me to suggest, with great probability, that, with regard to 
ihe behaviour of the reflexes, it is of importance whether the centre 
in the cortex is affected or not, or, in other words, that lesions 
which destroy the cortex may give rise to a paralysis without spastic 
symptoms. 

Monakow has seemed to a certain connexion between the degree of 
paralysis and the degree of reflex hyperexcitability. As far 8S а com- 
parison between different cases is concerned, my cases give no support 
to such a supposition : in Case XII., exaggeration of the reflexes appeared 
with slight paresis; in XV., normal reflexes existed, with considerable 
' paresis; in XI., the reflexes were equal on both sides, but somewhat 
brisk, and the paresis was slight; in X. and XIIL, the reflexes were 
| slightly increased, with complete paralysis; in XIX., the reflexes were 
slightly inereased, but there was. no paresis. | 

But even if we compare the degree of paresis and the degree of 
reflex augmentation in different extremities of the same patient, no 
parallelism can be discovered in my cases; on the contrary, the four 
cases where any difference’ Was evident presented the opposite con- 
dition—that is to say, the limbewhich was not paretic gave a livelier 
veflexe(Cases IX., XIIL, XVI. and XXIII). This circumsitnce, which 
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. Seeme to me remarkable, might perhaps be explained àn the manner indi- 
ca ed by the anatomical examination of Case V.—viz., a cortical lesion 
in the centre for the extremity which did not show excessive reflexes, а 
subcortical lesion for that limb in which the reflexes were increased. 

Ir this connexion it must first be pointed out that the lesion must 
have Deen situated in the focus for the most affected extremity, Whilst 
ths other extremity was only affected to a smaller degree. Fuxfher, а 
slizht lesion df the motor tract may manifest itself, not by means of a 
spasti paresis, but through a spasm pure and simple, as may also be 
th: ссѕе after а slight hemiplegia (Mann [123]). This fact is well known 
from the spastic spiral paralysis, where the spasm may long precede the 
расеѕіѕ. In the case of a vascular lesion occupying the centre for the arm, 
thos difference between a paralysis of the arm and a spasm of the'leg 15 
ea: Пу accounted for, as the same artery supplies not only the cortical 
ceatre for the arm, but also the internal capsule and thus the tracts of 
-prejection of the leg, but not the cortical centre for the leg (Beevor). It 
is, therefore, unnecessary to have recourse to remote influence in order 
to explain the fact that the paralysis gravely affected the arm, the 
coztical centre of which was greatly damaged, whilst the leg, the tracts 
of wkich have only been affected subcortically, showed increase of the 
refexes only. This circumstance is accounted for by the fact that the 
leg, ir. contradistinction to the arm, has different arteries for its cortical 
centre and its paths of projection. 

Where, on the other hand, a vascular lesion affects the centre for 
the leg, as in Case IX., the matter is somewhat different.. Any remote 
int:ueace ought to assert itself along the border of the lesion in question, 
ani would probably manifest itself more within the boundaries of the 
comperatively adjacent upper part of the capsule, ог of the tracts running 
frem zhis to the cortex, than within more distant parts; at any rate, 16 
seeme that this might occur more readily than that the whole cortical 
ceatre for the arm should be affected through remote action. A 
pratrected “remote effect" is, however, improbable in the case of a 
-vaicular lesion, whereas a scar or contraction of tissue seems more 
probale. | 

In Case XXIII. (narrated in full on p. 467) things, were somewhat 
diferent. We have to deal here with a brachial monoplegia well 
ametkrd proximally; the hand and the leg were apparently only 
incirestly affected, but in the later stage an increase of the knee- . 
jer: und wrist-jerk was observed. But the scapulo-periosteal reflex 


wæ cbsenta This reflex, it is true, is not constant, and no,study 
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has yet been made аз to its occurrence under pathological conditions: — 
but it was distinct on the non-paretic side, and a congpicuous 
difference thus existed betweensthe two sides. І thmk myself justified 
in placing this case with the preceding ongs when trying to find am 
explanation. One thing Њай? must be emphasized in this connexion 1s 
ithe difference between the purely. cortical and the medullary branches 


"from the arterfes of the cortex. A higher pressure is required to fill the 


medullary branches than the purely cortical ones; an ischgmia conse- 
quently asserts itself sooner within the area of supply of,the former 
(Monakow [141]). ` Case XXIII. was produced by a vascular lesion, 
probably a thrombosis. Hence it is highly probable that the isthemia 
of the centre m which motility was most affected—viz., that of the, 
shoulder—destroyed both cortex and sub-cortex in adjacent parts ;.on 
the other hand, the iŝchæmia asserted itself to a lesser degree, and 
earliest not in the cortex, but in those parts where it can be most readily 
established—i.e., the sub-cortex. In this way a cortico-subcortical lesion 
was brought about in the centre for the shoulder, buf a slight, more 


' purely subcortical affection of-the adjacent parts; and in this fact might 


perhaps be found an explanation of the increased" reflexes of the forearm 
and the leg. It would therefore not be necessary to have recourse 1D 
remote influence as an explanation. It has not been my. intention to st 
out the above consideration as a definite explanation with regard to 
these cases, which have only been clinically examined; moreover, the - 
number of cases is much too small for a generalization; still, the 
suggestion I have made seems to me a possible explanation, especially 
with the support afforded by Case У, which came to post-mortem 
examination. 

With regard to Monakow's view that the о becomes less 
marked when sensory disturbances.are present, I wish to point out that 
this is not evident in my cases. Nor could I establish any connexim 
between the disorders of sensation and the behaviour of the reflexes. 
Case XIX., with slight sensory impairment, showed slight increase of 
reflexes; Case XV., with sensory-motor paralysis, showed normal 
reflexes; Case XIII., with sensory-motor paralysis, showed -slight 
increase of reflexes; in Case XI. the reflexes were equal on both sides 
with slight motor paresis; Case X. a purely motor paralysis wrth 
moderately increased reflexes; Cases XVI. and IX. evidently increased 
reflexes were associated in the former case with sensory-motor, in the 
latter with purely motor, paralysis. 

‚ Neglecting those of my cases I have adversely оиса one point 
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sands out in all the remainder where tlie expected’ increase of ‘reflexes 


cid not occur, In every such case the lesion was localized in the cortex. 
ө n ji 


. 
n: 8. —The Late Contracture. 


Tf, then, my cortical" cases presented material differences froy the 
capsilar ones witli regard to the reflexes, this is equally trpe with 
ference tò contracture — i.e. the typical late contracture? With 
gard to.th® so-called “ Frühcontractur" the оваа are different, 
end io this I shall return later. 

The late contyacture, like the muscular rigidity, must be: regarded as 
E higher degree of the same process that gives rise to-the exaggerated 
reflexes. Hence it is evident that processes that prevent the appearance 
cf reflex hyperexcitability must also prevent the onset of contracture ; 
tais makes it unnecessary for me to enter upon them once more. On 
tne other hand, processes may produce the lower degree of spasticity, 
tne reflex hyperexcitability, but not contracture. Such processes are 
tae so-called senile hemiplegia (“ hémiplégie des. vieillards,” Marie), in 
which, as Ferrand points out, no contractures occur. Here it should, 
Fowever, be observed that by this name Ferrand denotes a process of 
cuite a different nature—viz., “état lacunaire.” Absence of contracture 
iz the rule also in lesions affecting the optic thalamus (Roussy). But 
with the exception of Monakow’s statement I have not been able to 
fnd in the recent literature any direct intimation that matters might 
te different with regard to cortical lesions. 

In two older French clinicians I have, on the other hand, found 
‘some statements of the utmost importance for this question—viz. „in 
Lostan (1823); апа especially in Durand-Fardel (1848 and 1854). As 
a matter of fact, the latter states positively that, in the chronic stage 


ct a softening, contractures are far less common than in the acute. 


End if we look at those cases recorded in his work of which a М 


safficiently detailed account is given, it becomes apparent that in three 


C? tkem——viz., in 66, 72, and 96— where contracture was lacking, and in . 


cae—viz., Case 63—showing traces of contracture, the lesion was cortical. 
I3 ten cases, again—viz., 59, 64, 67, 73, 82, 98, 94, 97, 98, 117— where 
tae lesion either did nof affect the cortex or gesupied the cortex together 
vith a larger part.of the medulla, there was "roideur." Although these 
савез only form а fractional part of those observed by him, and bearing 
in inind that cases without contracture are badly represented, they show 
{Заб cortical lesions are not liable to cause contractures. Rostan’s state- 
iment thate in softening, contractures are not met with more than in every 
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twentieth case, and Burand-Fardel’s experience that hemorrhages are 
more often accompanied by contractures than soljenings, tell in the same 
direction. Such a difference between softening and hemorrhage is not, 
as far as I can find, pointed gut in the recgnt literature. Gowers, 
Mills 129], and Oppenheim" [158] do not mention -the matter. 
Dejerine, [48] is of opinion that hemorrhage and softening behave 
sim'larly'tin the thronic stage,and asserts further that cortical lesions 
have caused а, permanent contracture. As to my own cases, I need 
2 here enter again upon the circumstances that may have had an. 

“ inhibitory influence " on the increased reflexes, and hence also on the 
hypertonic state, in Cases VI, VIL, XIV., XVIL, XVIII. XX." and 
XXI. As the contractures do not, as a rule, come on till after six to twelve 
weeks, a large portion of my material dos not prove anything with 
regard to this question. This holds good with regard to the Cases 
VIL, X., XIL, and XXII., as the time of observation in these cases lasted 
about 2 weeks, 6 weeks, 6 weeks, and one week respectively after the 
onset. Cases IX., XI., XIIL; XV., XVI., and XIX. were under observation 
respectively 1, $ year, 11, 4, 34, 6 months, 15 year after the onset of the 
hemiplegia, and in all these cases “Spätcontractur” was lacking. 
Case IX. presented, it is true, a plantar contracture of the foot, but, 
considering the fact that there was no hyperexcitability of the reflexes 
in the leg, I think we can regard it as a passive contracture from the 
beginning, the more so as the patient had long been confined to her 
bed before she obtained rational medical attendance. 

Case XXIII., again, in connexion with a cortical lesion showed a 
monoplegia with “ Frühcontractur," which quickly disappeared. ' Two 
and a half months later there were signs of a slight contracture. of the 
‘thigh. After the lapse of four months this had become distinct, and 
after another five months a certain degree of contracture of the hand 


: had also supervened. Since, however, the lesion within the centres for 


the hand and the leg may be presumed not to have affected the cortex 


. itself, but only its paths of projection, this case does not go against my 


othsr experience. 
Since. І met with contracture in df cases of capsular lesion, but 
not in cortical cases, the difference is obvious. 


$ 4.—The Early Contracture. 


If, on the other hand, attention is paid to the so-called “ Frühcon- 
tractur,” the matter is totally different. It is necessary strictly to 
differentiate, as Monakow does, between the real chronic contracture, 
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xlu2h comes on late, and the so-called “ Frithcontractur,” whieh might 
-atter be put on a parewith the effect of cortical irritation. This may 
38 gathered front Munk’s experience gained.on monkeys, where it often 
эсептей in connexion With a cerebral wound that healed badly, and 
“rom the fact that ıt ofteg occurs in man in connexion with wounds of 
she cerebral cortex caused by penetrating fragments of bone (Monakow) 
or «fter an incision, as in the case related by Liepman*t [118]. А 

That. early contractures relatively often occur in connexion with 
softening of the cortex cerebri is, moreover, evident “from Durand- 
Farlel's and Rgstan’s investigations; and the former points out that 
;hir early contracture found in association with softening is not neces- 
зз у, or even usually, followed by a chronic contracture. 

In my cases there were traces of such an early contracture in three 
stances, viz., in Case VIL, in Case XX., and in Case XXII. The 
3ature of the cataleptic tension observed in Case XIX. cannot be decided, 
»ut it is not impossible that it came on in connexion with the convulsive 
as of the patient, and in that case must be looked upon as a “ Früh- 
:on-raetur." 

urther, I shall relate a case of cortical lesion showing a rather 
cuarked '' Frühcontractur," the onset and development of which I have 
Tad the opportunity of following more closely. 


CASE XXIIT.—K. G. H.—With regard to the previous health of the patient, 
+ may be mentioned that one year previously, during an attack of dizziness, he 
zell down a flight of stairs and hurt his right shoulder. Next day, however, 
пе vas well and was able to perform his work (compositor) until November 25, 
-908, 

During the night of November 25 he observed that the right arm was weak 
“па that he had some difficulty in speaking for about an hour and a half. 
Ooneciousness was not affected. He was admitted on November 25. 

On admission, a considerable paresis was discovered for all movements of 
the right arm, and a slight paresis of the right lower part of the face. The 
rotility of the leg could not then be examined thoroughly. The patellar 
wefleses were brisk on both sides. The tendon and periosteal reflexes of the 
crms were brisk and equal on both sides. The urine contained albumin, 0'4 per 
eent, with numerous hyaline and granular casts; blood-pressure raised, 
270—180 mm. (Riva-Roeci-Landergren). 

Оп December 2 the paresis was found to be greatest at the shoulder- 
fonr апа in-the muscles of the shoulder in the scapular region; here the 
jaratysis was complete, less at the elbow-joint, and comparatively less again 
гі tke joints of the wrist and fingers. The patient was, however, unable to 
yerfcrm isolated movements of the fingers. On the same occasion an intense 
ectire confracture was discovered affecting all the joints of the righé arm to 
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movement in all. directions, but especially the flexors of (he elbow, wrist, ‘and 
fingers. No paresis of the face or of the leg was pregent. А 

Active motion of the hand retugned quickly, both forecoarse movements 
(dynamometer on the right and left side respectively December 7, 12 and 18; 
December 11, 18 and 20—21; ecember 12, 20*on both sides), and. with 
regard ép the power of isolated movements of the fingers (December 2, no power 
of isolated movements ; December 4, isolated movements of the. thumb present ; 
Decembef* 7, alsd those of theeindex- and middle-fingers ; and, lastly, on 
December 10, of all the fingers). : . 

On December 2 there was at the elbow-joint slight power of flexion, but 
almost none of extension. The power increased fairly equally in both directions 
of movement, but still at the close of the time of observation the power df the 
right elbow-joint was less good, especially with regard to extension, than that of 


Ње left one. 


At first there was a complete paralysis of the movements of the arm; on 
December 7 there were slight power of adduction and rotation: inwards, which 
on December 10 had considerably increased; a slight degree of motility in other 
directions was present. During the further course of the disease the power of 


all.the movements of the arm increased somewhat, returning to'a relatively 


greater extent for adduction, inward rotation, and extension, although these 
movements remained considerably weaker than’ on the other side; a relatively 
greater paresis remained in the movements of tlie arm than'in those of the 
forearm. í s 

The initial contracture diminished more quickly than the paresis. It ‘was, 
to begin with, distinct in all the muscles of the upper extremity, but 
much stronger in certain groups—viz., in the flexors of the finger, wrist, and 
elbow-joints; in the shoulder it was most pronounced in the antagonists to 
outward rotation, adduction, and flexion. The contracture passed off at about 
the same time in all the joints, but differently for different directions of 
movement, asserting itself longest in those directions where it had been most 
pronounced. On December 7 the contracture had much decreased, but after 
this remained unaltered until December 14; on December 17 it was slight, and 
had disappeared on December 27. During a period of about ойе month there- 
after there were no signs of contracture. On February 6 a trace of contracture 
was, however, noticed in the extensor muscles of the thigh. This contracture, 
which had developed later, increased during the next three months, but did not 
attain any higher degree even during this time. Five and a half months after 
the onset there were slight signs of contracture both of the wrist and fingers, 
especially of the flexors. It must, however, be remarked that long before the 
appearance of any rigidity in connexion with passive movements of the wrist 
and finger-joints the active movements showed a certain degree of sluggishness, 
which inereased as soon as the rigidity had manifested itself in passive move- 
ments. While the contracture lasted, considerable pain was produced by 
movements of the shoulder-joint. Tlte pain was more pronounced when the 
musclesewhich were the seat of the greater contracture were being” stretched, 
and it disappeared at the same tim& as the contracture. ‚ ® 
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Tt sHould be added jhat the shoulder-joint itself was £ound' on ‘examination 
to be free from abnormal ghanges. The tendon. reflexes were at first equally 
brisk on both sides antil December 12; on December 14 and 18 the reflexes -of 
the right arm were brisker, and constantly the radio-periosteal reflex was the 
one that-was most increased? The scapulo-periosteal reflex, again, was absent 
for a long time on the paretic side, but was constant on the non-paretig side. 
The patellar, reflex was somewhat brisk, but equally so on both sides, until, on 
December 27, when a greater exaggeration could be observed $n the right side; ; 
atthis time thé tendo-Achillis reflex was equal on the two sides. This remained 
when the patient was discharged, and on: February 6 a slight" contracture of 
the leg was also noticed ; the foot was dragged along'the floor at each step, in 
spite df the fact that there was no paresis in the movement of dorsal flexion 
of the foot. Babinski’s sign was present at the first examination on Novem- 
ber 25 in-the right foot, but could not afterwards be elicited until February 6. 
The abdominal reflexes were not obtained. On May 6, the patellar reflex on 
the right side was much increased, and a, hypertonic condition. of the muscles 
of the thigh was evident on the same date. The Achillis-tendon reflex was 
equal on both sides. No Babinski’s sign was obtained, and no hyportonns was 
discovered in the muscles of the calf. 

The examination of sensation in this case was very ‘difficult to make; at any 
rate, during the earlier period sensibility "seemed to be diminished in the right 
arm, but on December 27 there was no astereognosis or asymbolism. . 


In this case the patient hada cerebral seizure accompanied by paralysis 
of the arm. From the history of the patient's illness it appears that 


апоу was quickly restored in the distal parts, but slowly and incom- 


pletely proximally.. Upon this point, however, I shall not now enter. 


- The cause may with certainty be attributed to a vascular lesion, situated 


within the cortex within the upper part of the centre for the arm. 

In this case passive movements evoked pain'in the shoulder-joint. 
The first question, then, to decide is obviously whether this was due 
to arthritis which may follow cerebral paralysis ; but it does not gené- 
rally occur acutely. In Darkschewitsch's forty-five cases it appeared from 
one to six months after the seizure. 'In addition to the pain evoked by 
movement, tenderness is generally present, and even a palpable swelling of 
the joint. In my case the pain came on immediately. after the seizure, but 


‚ the joint itself presented no changes, the pain only appearing ‘in connexion 


with movements, especially sich movements as affected the contracted 
muscles. This also coincides with. Darkschewitch's. experience, who, 
before the appearance of any signs of arthritis, found that pain was only 
caused when Ње pectoral muscle, the seat of a contracture, was being 
stretched. Hence I regard it as highly probable that the pains in my 
case were':due.io the contracture, especially as а: disappeared. simul- 
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The contractures which was here observed as рату ав а week after 
the seizure, was apparently a so-called early contracture in Monakow’s 
sense—a tonic cramp—and therefore ‘a real sign of itritation. It here 
affected all the muscles of the extremity, buf, as is often the case, had 
affected those muscles most which are more particularly the seat of the 
common late contracture—that is to say, the, adductors and inward 
rosatormof the shoulder- -joint and the flexors of the elbow- -joint. Further, 
it appeared that the contracture had nothing to do with ће degree of loss 
of power or its return, but disappeared, on the contrary, almost simul- 
taneously in all the joints., It was not followed by any late’ contracture 
of the.shoulder-joint, the part most affected from the beginning ; whereas- 
the leg, which had not showa any paresis, became the seat of a 
slight late contracture. 

It was first difficult to decide said muscles of the leg were the seat 
of the late hypertonus, as it did not manifest itself in connexion with 
passive movements, but only in walking. Аз, however, a hypertonic 
condition and a reflex hyperexcitability generally go together, it was 
regarded as more probable that the hypertonus was situated within 
the region of the reflex arc of the knee-jerk—i.e., within the muscles of 
the thigh—than within that of the tendo-Achillis jerk—1.e., within the 
muscles of the calf; this was also borne out by its subsequent behaviour. 
In this case there was also an obvious increase of the reflexes, but this 
did not appear in the arm until more than two weeks after the seizure, 
and showed itself later still in the knee-jerk and not at all in the tendo- 
Achillis reflex. 

As regards the deep reflexes of the arm, as the distal and the 
` proximal motility were different, so also the increase of the reflexes 
wes constantly greatest in the distal parts. This might perhaps be con- 
nected with the fact that the lesion had gravely affected the foci of more 
proximal parts, whereas, judging from all previous experiences, it cannot 
have affected the centre for the hand itself. If such had been the case 
the finer motility of the hand would not haye been restored so completely. 
In the leg the reverse condition prevailed ; here the exaggerated reflexes 
were found only proximally, whereas distally the reflexes were normal. 
This, 16 seems to me, might well be explained by the circumstance- that 
the influence of the lesion situated within the centre for the shoulder- 
joint reached the parts of projection of the proximal portion of the leg, 
but not the more remote paths of projection belonging to its distal parts. 

It is, anyhow, interesting to note that this considerable increase of 
the radio-periosteal reflex did not appear until the motility of the hand 
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had almost returned to the normal state, and, with regard to the leg, no 
paresis. could be discovered even at the onset of the disease ; but, in spite 
of this, a late in@rease of the reflexes made its appearance. I have 
already tried to give an explanation of these facts, to which I here beg 
to refer (p. 464). . 

The Babinski reflex was here present at first, but was afterwards 
absent during the wholé period of the eayly contracturd whichaccord- 
ing to Monakéw, is a common phenomenon; it did not return until a 
long timeeafter the contracture, but later than the increase of the 
patellar reflex. e 

In this case we find, then, as the result of a cortical lesion, a mono- 
plegia with increase of the reflexes, partly in the monoplegio arm, partly 
in che leg, which was, however, not paretic; the increase of the reflexes 
was greatest in that part of the arm the cortical centre for which cannot 
have been the seat of a destruction, but which has been indirectly 
affected, like the leg. This increase of the reflexes came on in spite of 
the absence of paresis. 

Further, there was in this case an early dentists of the whole 
arm, most definite ın those muscles usually first affected by late con- 
tracture; on the other hand, a slight hypertonus of the leg was 
observed, which was only secondarily affected. This early contracture 
disappeared rather quickly, and a slight rigidity of the joint of the wrist 
and the fingers, but not of the elbow-joint, appeared, although not until 
much later. Further, a spastic and hypertonic condition of the upper 
pari of the leg developed about two and a half months after the attack, 
although the part did not appear to be in any way affected after the 
initial seizure. 

This case shows clearly, as Monakow has pointed out, that early 
contracture, in his sense, and late contracture are two different things, 
and that an early contracture may very well develop in connexion with а 
cortical vascular lesion. 

In association with cortical vascular lesions it seems, then, to be a 
common phenomenon that the complex of spastic symptoms which 
otherwise accompanies uncomplicated supranuclear lesions 1s materially 
modified, or even fails to develop. This holds good, firstly with regard 
to the secondary active contracture which failed to appear in all my 
cortical cases. In three cases, on the other hand, more or less marked 
early contracture was noticed. But the modification of the spastic 
symptoms also affects the reflexes, whieh in two cases only out of twelve 
showed an* increase, comparable to that usually found in éypical 
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hemiplegia. In both this increase occurred in that extremity which was 
not directly affected by the paralysis, whereas four cases presented only а 
slight increase of the reflexes, feur cases equal reflexes on both sides, 
and two-cases even a diminution of the reflexes on the paretic side. * 
That the cortical localizatfon of a lesion, respective of its nature, 
does “hot always. give rise to a similar modification of the spastic 
symptoms, is lest shown by, Spilmeyer’s case, an intracortical hemi- 
plegia with typical contractures in a person the subject. of epilepsy, 
where nevertheless the pyramidal tract was intact; and, that this 
modification of the spastic symptoms is not without exceptions even. 
in the casé of vascular lesions involving the cortex is shown by Dejerine's 
case, an extensive cortical lesion causing total spastic hemiplegia with 
contracture. Р 
In conclusion, I believe, however, that my cases here recorded show 


‘that in cerebral monoplegia, following a vascular lesion, the spastic 


signs may be slightly marked only or altogether absent without it 
being possible to find any other cause than the situation of the lesion 
in the cortex. Should spastic signs appear at all, they appear much later 
than in ordinary cases of hemiplegia due to ‘lesions situated elsewhere 
than in the cortex. - 


CONCLUSIONS. б, 


(1) Motion and sensation are not localized in the same cortical centres 
(2) The cortical centre for motion is situated entirely in front of the 
suleus centralis and is limited to the anterior central gyrus. 

' (8) Sensation is localized: entirely behind the sulcus cenirahs and is 
situated in the gyrus centralis posterior, and a part at least of the 
parietal lobe. y 

(4) The sensory projection-area is subdivided into centres for the 
various parts of the body, as we know to be the case within the motor 
area. But it is an open question whether there are separate centres for 
the various sensory qualities, such as the cutaneous and muscular senses 

(5) Cortical lesions do not produce definite increase of the reflexes or 
the typical late contracture found in hemiplegia of capsular origin. Ог 
the other hand, early contracture (“ Frühcontractur") is a common result 


of cortical lesions and is due to cortical irritation. 
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Vergletchende Pokalisationslehre der Grosshirnrinde. Von K. BRoDMANN. 
Mit 150 Abbildungen im Text. S. 324. Leipzig? Barth, 1909. 


Тнопан Meynert, Betz, Bevan Lewis, and others recognized many 


, years ago that considerable differences exist betwen the structure 


of the cortex of different regions of the forebrain, this subject—despite 
its great interest to the physiologist, psychologist, and even to the 
clinician — has not been seriously studied till within the: last few years. 
‘And of the many authors who have devoted their labour to it, none has 
been more prominent than Brodmann ; the care and accuracy that have 
characterized his work, and the essentially objective nature of his con= 
clusions, have been widely recognized. His results have been the more 
valuable as, in the first place, he has approached the subject as a pure 
anatomist, and has not burdened his conclusions by attempts to correlate 
structure with function when there is as yet insufficient, material to 
warrant it, and as, іп the second place, his work has been ати 


‘and comparative as well as histological. 


The volume under review is intended to present the principles af 
comparative cortical localization, and to show its alms and scope. Ths 
author consequently warns his readers that if they hope to find in it tha 
details of the histology of the human cortex, they may be disappointed. 

The cortex of every brain can be subdivided into numerous areas, 
each determined by its special structure, according to-the arrangement 
and the character of the cells and myelinated fibres that it contains, or 
by special characters visible in neuro-fibrillar preparations. Brodmann’s 
work has been almost exclusively on the cells of the cortex, or its cyta- 
architecture. The first chapter is devoted to the lamination of the 
cortex. He maintains that its original and primitive structure is six- 
layered in all mammals, and that the six layers are always present 
either permanently or during some period of development, and all 
variations can be traced to modifications of this six-layer type; з 
only exceptions are a few regions in which the cortex remains rudi- 
mentary, as in part of the rhinencephalon. The following are ths 
layers he describes; the. corresponding terms adopted by Campbell 
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e 
tre "printed ` in brackets for the convenience of English readers who 
'*gre already familiar ‘with Campbell’s work :— ' 

(Т) Lamina zonalis (pl&xiform layer). ' 

(ID; Lamina gramilaris externa (ayer of small pyramidal cells). 

(11) Lamina pyramiddiis (the layer of medium-sized pyramids and 
the external layer of large pyramids). i 

(ГҮ) Lamina granularis interna (layer of stellate cefls). TN 

(Vi Laming ganglionaris (internal laye: of large’ pyramids)., ” 

(VI) Lamina multiformis (layer of spindle-shaped cells). 

Though The cortex of different regions presents special characters, it 
way preserve its sif-layer type (homotypical), and the special character 
cf each region then depénds only on the variable density of the cells in 
TUN one layer or in all, on the size or structure of the cells, or on the 
xelative breadth of any one layer or of the cortex as а whole. Or the 
Sx-layer type may be modified by the disappearance of a layer, as of the 
internal granular layer in the anterior central gyrus of the adult, though 


, ‚5 is present here in the human foetus of the eighth month; or by the 


Lypertrophy and sub-division of a layer, as of the same layer in the 


© ealearine region (heterotypical cortex). Тһе Іауегѕ that show the least ` 


xegianal variation are those that are most constant throughout the 
mammalian series, and vice versa. The lamine zonalis and multi- 
rormüs are the most constant, and they alone may represent і the cortex, 
zs in the cornu ammonis ; the external and internal granular layers, 
п the other hand, are the most variable. end 

The structure of the cortex ‘and its regional modifications are 


governed by the same laws in all mammals, but each class has special | 


zeculiarities in both the whole cortex and. its constituent fields. lis 
sreadth, as well as the wealth, in cells and the size of its cells, which 
«an be.of course compared only in homologous regions, has no relation 
-o the position of the animalin the mammalian series, but the breadth is 
-о same extent parallel to the size of the Бойу; and there does not appear 
-о be any definite law regulating the relative development of the 
-ndividual layers in different classes, though in the lower mammals 
-he ‘three deeper- layers, when measured together, are relatively 
эгоайег as compared with the three superficial layers than in the 
aigher classes. 

Ву the study of its cell structure ihe human cerebral cortex can 
эе mapped out into about fifty different fields—arex eyto-architectonica 
—but certain of these which lie adjacerit to one another can. be grouped 


sogether by, certain general сонети into regiones. In man 
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Brodmann ' distinguishes eleven of these larger division ‘as regio 


frontalis, regio precentvralis, regio postcentralis¢ &c. The borders of* 
many of these areas are sharp. and definite, But ihe transition. between : 
others is gradual and not sharply definable. Е í 

The number, size,. distripution, and stru€tural penalties of these 
areas in most of the important mammalfan classes. are described by 
Brodmann. «Не finds that there is a remarkable similarity, in the 
topographical cortical localizhtion in different animals, though, despite a 
general similarity, great variations may occur between even closely 
allied species. Certain fields, as the area gigantopyramidalis, area 
striata, area insularis, are strikingly constant in alfanimals, but even 
these vary enormously in size in different species. The precentral area 
that contains the giant (Betz) cells constitutes only about one-hundred 
of the whole cortex in man, while in the lower apes it is about a 
twentieth or a tenth of the whole. Approximately the same: relation 
exists between the size of the area.striata in the two classes. On the 
other hand, the regio frontalis becomes smallér as we descend from 
man and simpler in structure—that is, fewer fields can be distinguished 
in it; in man it includes about three-quarters of the frontal lobe, in 
the lower monkeys its superficial extent only equals that of ‘the 


regio precentralis, while in the lower mammals and marsupials it is  ' 


absent. This progressive differentation—that is, the relative incredse in 
the size of & region and in the number of its fields—occurs in other 
regions of the brain; the regio postcentralis contains only a.single field 
in the lowest mammals, but three or four separate fields in" the 
primates. But regressive changes also occur. ‘The area.striata'of the 
calcarine region is absent in the mole and poorly developed in the 
rodents, while the regio olfactoria is much less developed in the higher 
than in the lower mammals. These variations may E evidently 
attributed to functional adaptation to environment. ^ 

The first two sections оЁ the book are chiefly ае аһа dean 
tive; the third deals with the principles of morphological differentiation 
and its relation to physiology and histo-pathology. Тһе view that is 
developed here is that as each cortical field is a tsswe-complex, with a 
characteristic structure distinct from that of other parts, each area must 
be regarded as a separate organ, and that therefore the mammalian 
cortex is an organ-complez. Difference in structure suggests a difference 
in function, and it may be therefore concluded that each morphological 
area has some special function. ‘Enticing though this hypothesis may be, 
Brodmann insists that as yet there is no proof that the cortical localiza- 
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fion ef any. function coincides with ‘that of any structural arep; he 
admits, however, that Ше area. gigantopyramidalis—that. portion of the 
precentral cortex that contains Betz ces corresponde closely with the 
excitable region. f 

The older views, as those held by Meynert; Exner, and Wundt, that 


all cortical cells are similar or identical, and that diffeyence in funétion: - 


depends * “only on differences in connexign: and assoc®ition, mpst be 
discarded ; .for*not only are there many morphological varieties of cells, 
but calls identical in form and ‘structuré are found if. homologous 


regions in different animals, and the evidence of коше ашаа 


differeAtiation of some cells is beyond doubt. 


Similarly, Brodmann insists that the attempts that have been made. 


to cor-elate a speciallayer of the cortex with some function cannot be 


accepted, and ‘that the theories that, localize the higher psychical . 


functions to any area are ridiculous, as ‘these are composite processes 
which can be, at the most, only centred in a.group of areas.’ 

This short review may serve to introduce Brodmann’s book to those 
interested in either the theoretical or practical aspects of the structure 
and functions of the brain. As the author writes in his preface, those 
who seek in it the details that, are necessary for practical anatomical or 
pathological work on the cerebral cortex may be disappointed, but that 
the book is not burdened by such details will, make it additionally 
welcome to those who wish to become conversant’ with the principles 


and эз main facts of the youngest branch of cerebral anatomy, It. сай 


be therefore recommended as warmly to the clinician.as;to the physi- 
ologist and anatomist. The text is written clearly and: concisely, and 
the numerous illustrations that it contains are excellently..chosen and 
repradaced. The one regret that may be expressed is that Brodmann 


has been so sparing in his references to Campbell’s work, for the English . 


author. whose work was completed and presented. to the Royal Society 


in 1903, may justly claim to be one of the pioneers of cortical localiza-: 


tion br histological methods,- more especially as his. conclusions ‘were 


attained by the ‘study of the myelinated fibres as well as of the cells of | 


the cortex. Brodmann, it is true, has differentiated many more: ‘struc- 
tural areas than Campbell described, but there is a remarkable 
similarty in their results on the main issues, and it can be scarcely 
hoped that the iiy or 80, areas that pack р has eet out 
represeat finality. ` ; ` | 

; " | Gonpox. Hong. 
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[Notes on a book under this heading do not preclude a ! 


subsequent review.] 


Die Déneud Pracor und ihre Stellung zum Manisch- depr ё85006 a 
Irr esein. Eine Klinische Studie von Dr. Med. M.' URSTEIN 
8. 372. Berlin and Wien: Urban und Schwarzenberg, 1909. 


The quib believes that the line of division between dementia öner and 
maniacal-depressive insanity has been too strictly drawn. Cases which showed 
no katatonie symptoms, and might have been expected to run.» benign course, 
ended in dementia. But in most instances some katatonic symptoms can be 
discovered, although the condition may otherwise closely resemble a circular 
insanity. This materially alters the diagnosis and prognosis. He emphasizes 


. the fact that during the state of stupor the mind is working actively, and the 


patient's acts, however impulsive they may appear, have a motive; moreover, 
the memory remains excellent. The prognosis is more favourable than has 
béen “usually supposed; the more .the form assumed approximates to 
maniacal-depressive insanity, the more likely is it that remissions will oceur. 
If the katatonic state forms the main feature of the disease, remissions enabling 
the patient to return to life and work are unlikely. The delirious form almost 
always recovers, often for a considerable period. Finally, a late katatonia com- 
pletes the clinical picture. The author's material consisted of 524 cases which 
had been observed for ten years or longer. Of these, thirty are given in full in 
the second half of the book. 


Otitic Cerebellar Abscess.’ By HEINRICH NEUMANN. Translated by 


RicuarD ШАКЕ, F.R.C.8., Рр. 156. London: Lewis, 1909. 


This small book is full of information, but the reader is much hampered by . 


the want of an index. The causes and pathological anatomy of abscess due to 
ear-disease are first deseribed ; then follows an interesting chapter on:-Symptoms 
and Signs where use is màdé of Bárány's methods of examination. The 
two sections on Diagnosis and Differential Diagnosis are too short to be 
useful to the neurologist, and the huthor assumes the methods of examina- 
tion are familiar to those for whom ethe book is written. Now, although the 
most naodern methods of neurologicaleexamination may be known Фо the aurist, 
e е 


є 


€ 


e ° = bd ED 
\ , PUBLICATIONS REOENTLY RECEIVED ' 488 
*. be . e e Md 
' the methods demanded for complete examination of the ear are certainly not in 
daily use among neurdlogists. The second half of the book is taken fip with 
a description of cases. “Tif translation contains many Germanisms. 


Malcdies de la Moelle EPiniére. Par J. 1, Darmnins ‘et ANDRÉ-THOMAS. 
Avec 420 figures infercalées dans le texte. Tp. ER ; Faris : 
Bailliére, 1909. { a i " » І 


Tais splenfüd text- book forms the thirty- fourth volume of thes “Чоаўеан 
hate de Médecine et de Thérapeutique” by Gilbert and 4Phoinot. It is 
exiremely easy to read and contains excellent figures. An anatomical and a 
physilogical infrófluction are followed by a series of chapters dedling with 
separate diseages, many of which are treated with remarkable fulness. Thus 

*"WhL5 rages are devoted to tabes and 55 to syphilis. This work should be in the 
hands of all who wish to know the views of the French school c on diseases ‘of 
` the spinal cord. Unfortunately it has no index. E | A . 


d 
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Pupiclenlehre, Anatomie, Physiologie und Pathologie, "Methodik der à 
Zntersuchung.: Von Professor Dr. Lupwie Влсн. Mit 27 zum 
Teil, farbigen Abbildungen im Text. 8. 344. Berlin: Karger, : 
908. Ше | T 

A useful gathering together of all that is known about the pupil, with a full 
bibliography, containing 1778 papers, and a good index. It will form a useful 
book »f 'reference. 


Les Iévroses. Par Dr. PIERRE JANET. Pp. 897. "Paris: Flanimarion; 
1909. ` . i ' 


If any neurologist wishes to obtain a clear idea of the views of Dr. J! anet in 

small compass, we can strongly recommend this book, which can be carried in 

. the pocket. The first part treats of neuropathic symptoms, the second of 

neurovathic states. Idées fixes, obsessions, doubts, troubles of speech, choreas 

and ties, hysterical paralyses and phobias, “ crises,” the hysterical and 
psychasthenic states are all dealt with in turn clearly and.convincingly. `. 


Маде Problems in Psychiatry. By ERNESTO LUGARO. Translated 
Ly Davin Orr, M.D., and В. б. Rows, M.D., with a foreword by 
Z. ^8. CrousroN, M.D., LL.D. Pp. 305. Manchester: Uni- 


wersiby Press, 1909. 


Professor Lugaro treats his subject, under six heads. After a general intro: 
duction he discusses the psychological and anatomical problems, patho- 
genesis, etiology, nosological and practical problems in separate chapters. 
He bases ajl his explanations of psychical disease on pathological anatomy and 
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А the consequent’ functional alterations. ‘‘Problems in Pathogenesis " isa 
ы chapter of unusual interest, and reaches most definitdly the author's: aim of 
exciting thought. The translation ig well carried оф. кы 


Vorlesungen. zur Einfülwung ip die Ezperimerttelle Pádagogik und thre 


. RS ychologischen Grundlagen. Von Ernst MEuMANN. Ва. 2. Mit 
" 14 Figuren, ` S. 467.' Leipzig : Engelmann, 1907. 
Е | valine ‘first yolume of this айнур work was noticed in"BRAIN, 1907. 


This second. vélume adds eight more lectures and a complete index. The 
mental work of ‘the child, mental: hygiene of school-work and experiments in 
reading, writing, arithmetic, and drawing, are all considerdll fully. The final 
chapter deals with the future development of experimental pedagogy: 
A System of Clinical Medicine. By Tuomas Drxon Savit, M.D. 
Second edition revised by the Author. Pp. 963; with many 
Ы ¢ Illustrations. London: Arnold, 1909:. 


This well-known text-book is based on the principle of considering the. 
main symptoms of disease rather than the nosological groups which usually 
form the basis of ‘description in text-books. It is written mainly for 
practitioners and senior students, and the poene edition hag been brought: 
thoroughly up to date. 


А 
- t — а 
А 
• 


Writers of “Original Articles and Clinical Cases" are supplied free of charge 
witt 5C copies reprinted in the form in which the paper stands іп the pages of 
а Brain.” If reprints are required in pamphlet form, with wrapper, title-page, 
Зес.. and re-numbered pages, they must be ordered, at the expense of the writers, 
"ror: Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 
-onnon. W. 


Метрегѕ of the Neurological Section of the Royal Society of Medicine can 
3btzin ће Index of “ Brain" for the Volumes I. to XXIII. inclusive, that is, from 
ts :zzmmencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Mar-zin's Street, London, W.C., at the price of 6s. 6d., post free.- 


То those who are not members of the Neurological Section of the Royal 
Зос ei of Medicine the price is 8s. Gd. net, and the volume may be obtained 


Thrcugh any bookseller. 
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